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METHODS    FOR     THE    DETERMINATIOK    OF    ORaANIC 
MATTER  IN  AIR. 

By  Dayid  Hendricks  Bergey,  B.S.,  M.D. 

A  nnmber  of  methods  have  been  devised  for  the  estimation  of 

organic  matter  in  air.  The  results  that  have  been  obtained  by  these 
different  methods  are,  however,  quite  variable  even  under  the  same 

atmospheric  conditions.  The  dijfficulties  that  were  encountered  in 

estimating  the  quantity  of  organic  matter  in  expired  air,  while  con- 
ducting the  research  on  The  Composition  of  Expired  Air  and  its 

effects  upon  Animal  Life,'  demonstrated  the  fact  that  some  of  the 
methods  in  use  were  unsatisfactory.  At  the  suggestion  of  Dr.  Bil- 

lings some  of  these  methods  have  been  tested  and  compared  as  to 

their  reliability  and  adaptability  for  hygienic  investigations. 
The  methods  that  are  now  in  use  fall  into  two  gro^ips.  In  the  first 

group  of  methods  the  organic  matter  is  converted  into  ammonia  either 

by  the  Wanklyn,  Chapman,  and  Smith  ̂   process  and  estimated  with 
Nessler's  reagent ;  or  by  direct  nesslerization  of  the  absorbent  used  to 
abstract  the  organic  matter  from  the  air ;  or,  as  in  one  of  the  methods, 
the  distillate  is  carried  into  dilute  sulphuric  acid  and  the  amount  of 

free  acid  estimated  by  titration  with  deci-normal  ammonia. 
In  the  second  group  of  methods  the  organic  matter  is  oxidized  by 

boiling  with  a  dilute  solution  of  permanganate  of  potash,  and  titrating 
with  oxalic  acid  solution,  as  in  the  estimation  of  organic  matter  in  water. 

All  these  different  methods  are  colorimetric  in  their  nature.  They 
are  also  only  indirect  methods  inasmuch  as  they  afford  no  clue  as  to 

the  nature  or  quantity  of  organic  matter — as  such — that  is  present  in 
the  air ;  the  end-products  in  all  of  the  methods  being  of  an  entirely 
different  nature  from  the  organic  matter  itself. 

The  modifications  of  the  methods  of  both  groups  by  different  experi- 
menters consist  principally  in  variations  as  to  the  form  of  absorbent 

used  and  the  modes  of  absorption,  or  in  the  manner  of  applying  the 
reducing  agents.  In  most  instances  the  modifications  of  the  apparatus 
employed  are  of  minor  importance. 

The  methods  of  the  first  group  have  much  in  common.     Chapman  ̂ 
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took  advantage  of  the  process  devised  by  Wankljn,  Chapman,  and 

Smith  ̂   for  the  estimation  of  organic  matter  in  water  by  its  conversion 
into  free  and  albuminoid  ammonia,  and  adapted  it  to  the  estimation  of 

organic  matter  in  air.  He  aspirated  the  air  through  cotton- wool,  or 
through  gun-cotton,  asbestos,  or  pumice-stone,  and  then  subjected  the 
absorbent  to  distillation,  thereby  converting  the  organic  matter  derived 
from  the  air  into  ammonia.  He  found  that  aspiration  through  asbestos 

gave  the  most  reliable  results. 

Moss  *  passed  a  measured  quantity  of  air  through  four  wash  bottles 
of  100  C.C.  capacity,  each  containing  50  c.c.  of  pure  distilled  water,  ex- 

cept the  first,  which  contained  also  50  c.c.  of  pure  hydrochloric  acid. 
The  absorbent  solutions  are  then  subjected  to  distillation  and  the 

ammonia  evolved  from  the  organic  matter  estimated  with  Nessler's 
reagent. 

R.  Angus  Smith  ̂   aspirated  measured  volumes  of  air  through  pure 
distilled  water  contained  in  an  absorption  tube.  The  water  is  then 
subjected  to  distillation  and  the  ammonia  estimated  by  means  of 

Nessler's  reagent. 
The  method  employed  at  the  Montsouris  ^  Observatory,  near  Paris, 

consists  in  drawing  a  known  volume  of  air  through  bent  tubes  or 

through  a  "rose,"  laid  in  a  cooling  mixture.  The  suspended  particles 
in  the  air  are  condensed  and  retained,  and  are  then  taken  up  with  pure 

distilled  water ;  or  in  addition  to  the  cooling  mixture  the  air  is  con- 
ducted through  pure  distilled  water.  The  distilled  water  containing 

the  suspended  matter  from  the  air  is  then  subjected  to  distillation  and 

the  ammonia  estimated  by  means  of  Nessler's  reagent. 
In  the  laboratory  of  the  Medical  Officer  of  Health,^  in  Glasgow,  the 

apparatus  employed  at  the  Montsouris  Observatory  is  slightly  modi- 

fied. The  air  is  drawn  through  a  "  rose  "  which  is  placed  in  a  small 
vessel  containing  a  quantity  of  small  glass  beads  lying  in  dilute  sul- 

phuric acid.  The  sulphuric  acid  and  beads  are  then  transferred  to  a 
clean  retort,  the  acid  is  neutralized  with  solution  of  sodium  carbonate, 
when  the  estimation  of  ammonia  is  conducted  in  the  usual  manner. 

Fodor^  uses  two  U-shaped  tubes  containing  pure  distilled  water 
acidulated  with  sulphuric  acid.  The  air  is  filtered  through  glass-wool 
and  the  amount  of  organic  matter  in  the  dust  is  determined  by  distilla- 

tion, as  well  as  the  amount  contained  in  the  acidulated  water.  The 

two  absorbents  are  subjected  to  distillation  separately,  thus  showing 
the  amount  of  organic  matter  in  each  of  them. 

Lehmann '  recommends  Uff elmann's  method  in  which  the  air  is  aspi- 
rated through  two  small  flasks,  the  one  containing  a  dilute  solution  of 

sulphuric  acid  and  the  other  a  dilute  solution  of  caustic  potash,  each 

of  about  one  per  cent,  strength.     These  solutions  are  then  mixed  and 
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the  oxidizable    matter   determined   by  distillation  and   testing  with 

^N'essler's  reagent. 
A  modification  of  Chapman's  method  which  has  met  with  consider- 

able favor  consists  in  the  aspiration  of  a  known  volume  of  air  through 

freshly  ignited  finely  granular  pumice-stone  contained  in  a  narrow  ab- 
sorption tube.  The  subsequent  treatment  of  the  pumice-stone  is  similar 

to  that  first  employed  by  Chapman.  This  method  was  devised  by 

Professor  Kemsen  ^°  and  has  since  been  used  by  Miss  Talbot^'  and 

by  Dr.  Abbott.'" 
Smee  "  employs  a  large  glass  funnel,  sealed  at  the  neck,  and  filled 

with  cracked  ice.  The  moisture  and  suspended  particles  in  the  air  are 
<3ondensed  on  the  exterior  surface  of  the  funnel  and  are  collected  in  a 

small  beaker  placed  underneath  the  funnel.  The  condensations  are 
then  subjected  to  distillation  and  the  ammonia  estimated  by  means  of 

^essler's  reagent. 
Fox'"  prefers  what  he  calls  the  "pulverization  of  water  method." 

It  consists  in  bringing  consecutive  portions  of  fresh  air  into  intimate 
contact  with  a  small  quantity  of  very  pure  water  which  is  being  reduced 
to  a  minute  state  of  subdivision  by  pulverization  in  a  glass  cylinder 
about  eight  inches  in  length  and  two  inches  in  diameter,  and  which  is 

iurnished  with  a  large  india-rubber  stopper.  This  stopper  has  two 

perforations,  into  one  of  which  the  air  pipe  of  a  Bergson's  spray  pro- 
ducer is  fitted ;  the  other  is  intended  for  the  passage  of  a  straight  glass 

tube  about  twelve  inches  long  and  one-fourth  inch  in  diameter.  Thirty 
■cubic  centimetres  of  pure  distilled  water  are  placed  in  the  cylinder,  and 
this  serves  to  wash  the  air  of  all  its  impurities  as  it  passes  through  the 

fine  spray  formed  in  the  cylinder  by  the  spray -producer.  The  thirty 
•cubic  centimetres  of  water  used  are  then  diluted  to  100  c.  c.  with  dis- 

tilled water,  and  the  whole  subjected  to  distillation  in  a  small  retort, 

the  distillates  being  tested  for  ammonia  with  Nessler's  reagent. 
Miss  Talbot  "  concluded,  as  the  result  of  some  determinations  made 

with  Remsen's  method,  that  all  of  the  organic  matter  fails  to  be  con- 
verted into  ammonia  during  the  first  distillation.  She  found  that  the 

second  and  third  re-distillation  of  the  distillates  uniformly  give  higher 
results.  She  sought  to  overcome  this  difiiculty  by  aspirating  the  air 
directly  through  the  boiling  permanganate  in  the  retort. 

•  Dr.  Abbott '''  found,  as  the  result  of  his  investigations,  that  in 
^'  31  estimates  made  upon  the  outside  air,  the  air  of  the  laboratory,  air 
from  over  decomposing  meat  infusions,  and  the  air  from  over  sewage, 
we  have  failed  to  obtain  evidence  of  the  existence  of  more  than  a  trace 

of  gaseous,  nitrogenous,  organic  matters,  other  than  ammonia ;  the 

amounts  being  constantly  so  small  as  to  fall  far  below  the  permissible 

limits  of  experimental  error." 
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For  the  direct  estimation  of  ammonia  in  air  Uffelmann  "  employs 
the  following  method  :  Twenty  to  thirty  litres  of  air  are  aspirated 
through  10  c.  c.  of  dilate  sulphuric  acid ;  this  is  then  tested  with 

Nessler's  reagent  and  the  color  produced  compared  with  that  of  a 
solution  of  ammonium  chloride  of  known  strength.  He  uses  0.8147  g. 

NH4-C1  in  1  litre  of  water,  which  is  equal  to  0.100  g.  NHg  to  the 
litre.  This  solution  is  diluted  with  water  (for  the  comparison)  until 
its  color  is  similar  to  that  produced  by  the  sample  of  air.  A  yellow 
color  indicates  0.005  mg.  NHg  in  100  c.  c.  of  water. 

A  method  which  I  employed  in  an  earlier  series  of  experiments  ̂  
consists  in  conducting  measured  volumes  of  air  through  a  coil  of  glass 
tubing  laid  in  ice  so  as  to  condense  the  atmospheric  moisture  and  dust. 
The  fluid  collected  in  this  manner  is  then  subjected  to  distillation.  The 

chief  difficulty  in  this  method  is  the  slowness  with  which  the  con- 
densation of  moisture  takes  place.  It  is  only  on  days  when  the 

atmosphere  is  nearly  or  completely  saturated  with  moisture  that  an 

appreciable  amount  of  fluid  is  collected.  On  clear  days  the  evapora- 
tion of  the  moisture  often  exceeds  the  condensation,  and  in  consequence 

the  fluid  already  collected  may  be  lost  through  evaporation. 

A  method  employed  by  Grray,'®  of  l^ew  Zealand,  consists  in  collect- 
ing the  rain  water  as  it  falls  and  subjecting  it  to  distillation. 

The  methods  of  the  second  group  also  have  a  common  object,  the 

determination  of  the  amoimt  of  oxygen  required  to  oxidize  the  organic 
matter  in  a  known  volume  of  air.  These  methods  differ,  however, 

very  greatly  as  to  the  forms  of  apparatus  employed  by  the  different 
experimenters. 

E.  Angus  Smith'  used  a  flask  of  about  100  cu.  in.  (1175  c.  c.) 
capacity.  The  air  is  pumped  out  of  the  flask  by  means  of  a  hand 
bellows,  so  that  the  air  of  the  place  may  pass  in  to  take  its  place.  The 
flask  is  then  closed  with  a  rubber  stopper  perforated  by  two  holes,  the 

one  containing  a  glass  tube  through  which  a  weak  solution  of  perman- 
ganate of  potash  is  introduced  from  a  small  burette  ;  the  other  opening 

allows  the  air  that  is  displaced  by  the  permanganate  solution  to  escape. 

A  small  quantity  of  the  permanganate  solution  is  used  at  first  and 
agitated  with  the  sample  of  air.  More  of  the  permanganate  solution  is 
added  as  fast  as  it  is  being  decolorized,  a  permanent  color  indicating 

that  the  "  air  contained  no  more  material  capable  of  decomposing 

permanganate."  The  solution  of  permanganate  which  Smith  used 
was  of  such  strength  that  1  c.  c.  tested  with  proto  salt  of  iron 

equalled  0.00225  g.  of  metallic  iron,  or,  0.00032  g.  of  oxygen.  Alka- 
line salts  seemed  to  him  to  be  more  sensitive  than  pure  permanganate. 

A  second  method  devised  by  Smith  is  as  follows :  Thirty  cubic 
centimetres  of  water  containing  a  small  amount  of  a  weak  solution  of 
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permanganate  of  potash  of  known  strength,  are  shaken  with  the  air  in 
a  flask  of  known  capacity.  The  flask  is  refilled  with  air  and  again 

shaken — "  air  washing," — and  this  process  is  continued  until  all  the  per- 
manganate is  decolorized.  The  volume  of  air  required  to  decolorize 

the  permanganate  will  indicate  the  quantity  of  organic  matter  contained 
in  it. 

Uffelmann"  determines  the  quantity  of  organic  matter  in  air  by 
means  of  a  solution  of  permanganate  of  potash,  of  which  1  c.  c.  equals 
0.395  mg.  of  KMnO^,  or  0.1  mg.  of  oxygen,  and  requires  0.7875  mg.  of 
oxalic  acid  to  neutralize  it.  The  permanganate  solution  is  placed  in  a 
small  flask,  the  stopper  of  which  carries  two  glass  tubes.  One  of  these 

tubes  is  of  sufficient  size  to  serve  as  a  dust-filter  and  contains  freshly 

ignited  asbestos  or  glass-wool ;  the  other  tube  serves  to  connect  the  appa- 
ratus with  a  small  aspirator,  about  one  litre  in  capacity.  The  apparatus  is 

cleansed  with  hot  permanganate  solution.  One  cubic  centimetre  of  the 

permanganate  solution  is  then  placed  in  the  flask  with  9  c.  c.  of  pure 
distilled  water,  and  acidulated  with  several  drops  of  dilute  hydrochloric 
acid.  Ten  to  twenty  litres  of  air  are  aspirated  through  the  apparatus. 

The  asbestos  or  glass-wool  absorbent  is  transferred  to  a  clean  casserole 
with  60  c.  c.  of  distilled  water ;  2  c.  c.  of  KMnO^  solution  and  1  c.  c.  of 

dilute  sulphuric  acid  are  added  and  boiled  for  five  minutes.  The  un- 
reduced permanganate  remaining  in  solution  is  then  titrated  with  oxalic 

acid  solution.  The  permanganate  solution  in  the  flask  is  treated  in  the 

same  manner.  The  two  results  will  show  the  quantity  of  gaseous 

and  of  dust-form  of  organic  matter  in  the  air  aspirated  through  the 
apparatus. 

A  second  method  devised  by  Ufielmann  is  as  follows :  Two  flat- 

bottomed  test-tubes,  each  closed  with  a  double-bored  rubber  stopper, 
are  attached  to  each  other.  A  dust-filter  of  asbestos  or  of  glass-wool 
is  attached  to  the  entrance-tube  of  the  first  test-tube.  The  first  of  these 

test-tubes  contains  a.  dilute  solution  of  caustic  potash  and  the  second 
a  dilute  solution  of  sulphuric  acid ;  each  solution  being  of  about  1  per 

cent,  strength.  By  means  of  a  rubber  syringe  of  50  c.  c.  capacity,  10 

to  20  litres  of  air  are  pumped  throu.gh  the  apparatus.  The  two  solu- 
tions are  then  mixed  and  the  amount  of  organic  oxidizable  matter 

determined  in  the  usual  manner. 

Carnelley  and  Mackie  ̂ ^  employ  a  solution  of  permanganate  of 
potash  of  Y^^-Q  strength,  1  c.  c.  of  which  equals  0.008  mg.  of  oxygen, 

or  0.0000056  litres  of  oxygen  at  0°  C.  and  760  mm.  The  solution  is 
usually  kept  of  -^  strength  and  diluted  as  required ;  about  50  c.  c.  of 
dilute  sulphuric  acid  (1  :  6)  being  added  to  each  litre  of  the  weak  solu- 

tion. For  the  collection  of  samples  of  air  large,  well-stoppered  jars,  of 
about  8.5  litres  capacity,  are  used.     The  jars  are  first  rinsed  with  a 
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little  of  the  standard  permanganate,  and  when  not  in  use  some  of  the 

solution  is  always  kept  in  them  so  as  to  assure  complete  cleanliness 
from  any  reducing  substance.  Before  using  the  jars  are  drained.  The 

sample  of  air  is  collected  by  pumping  out  the  air  contained  in  the  jars 
with  a  small  hand  bellows  and  allowing  the  air  to  be  examined  to  flow 

in.  Fifty  cubic  centimetres  of  the  standard  solution  of  permanganate 
are  run  into  each  jar,  when  it  is  tightly  stopped  and  well  shaken  for  at 

least  five  minutes.  Twenty -five  cubic  centimetres  of  the  permanganate 
solution  are  then  withdrawn  by  means  of  a  pipette  and  placed  in  a 

glass  cylinder  holding  about  200  c.  c.  Twenty -five  cubic  centimetres 
of  the  fresh  standard  solution  are  placed  into  a  similar  glass  cylinder 
for  comparison.  Both  of  these  solutions  are  then  diluted  up  to  150 
c.  c.  with  distilled  water  and  allowed  to  stand  for  ten  minutes,  after 

which  the  tints  of  the  two  solutions  are  compared.  Standard  solution 

of  permanganate  is  now  run  into  the  first  cylinder  from  a  burette,  until 
the  tints  of  both  solutions  are  of  the  same  intensity ;  usually  from  ̂  

to  6  c.  c.  of  the  standard  solution  are  required.  The  amount  of  stand- 
ard solution  added  to  the  solution  in  the  first  cylinder  is  a  measure  of 

the  bleaching  effected  by  the  organic  matter  in  the  known  volume 

of  air  on  one-haK  of  the  permanganate  employed.  The  results  may  be 
expressed  either  in  terms  of  the  number  of  cubic  centimetres  of  the 

xcroQ-  solution  bleached  by  1  litre  of  air,  or,  as  they  prefer,  by  the 
number  of  volumes  of  oxygen  required  to  oxidize  the  organic  matter 
in,  say,  1,000,000  volumes  of  air,  i  e.,  the  25  c.  c.  of  solution  from  a 
8.5  litres  flask,  in  which  50  c.  c.  of  standard  solution  had  been  used, 

required  3  c.  c.  to  bring  its  tint  up  to  that  of  the  cylinder  containing 
the  fresh  standard,  or  the  entire  50  c.  c.  would  have  required  6  c.  c. 

This  represents  the  number  of  cubic  centimetres  of  standard  perman- 

ganate bleached  by  3,500  —  50  =  3,450  c.  c.  of  air ;  consequently  -g-.f^- 
=  1.74  c.  c.  is  the  bleaching  effected  by  1  litre  of  air,  or  0.0000097 
litre  of  oxygen,  or  9.7  volumes  of  oxygen  are  required  to  oxidize  the 

organic  matter  in  1,000,000  volumes  of  air.  Correction  for  tempera- 
ture is  considered  unnecessary,  as  its  effect  falls  within  the  limits  of 

experimental  error. 

Nekam  '^  repeated  Uffelmann's  experiments,  giving  particular 
attention  to  the  question  whether  all  of  the  organic  matter  is  absorbed 

by  the  permanganate;  and  also  whether  the  permanganate  suffers 
reduction  from  other  reducing  agents  in  the  air.  He  found  the 
permanganate  to  undergo  spontaneous  reduction  while  it  oxidizes  the 
organic  matter  very  slowly. 

Archarow  ^^  also  employed  Uffelmann's  method,  but  so  modified 
the  apparatus  as  to  conduct  the  air  through  the  permanganate  in  a  fine 

stream.     The  permanganate  was  also  kept  at  a  somewhat  higher  tem- 
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perature  than  the  surrounding  air,  about  43°  C,  as  this  was  found  to 
facilitate  the  oxidation  of  the  organic  matter.  The  best  results  were 

obtained  with  acid  permanganate  solution.  The  accuracy  of  the 
method  diminishes  with  the  concentration  of  the  permanganate 

solutions — a  solution  containing  0.026  mg.K  M  n  0  "^  to  the  litre  being 
most  satisfactory. 

Some  of  the  methods  which  have  been  here  reviewed  have  been 

tested  in  this  laboratory  a  number  of  times  in  order  to  determine  their 
reliability.  In  most  instances  the  same  method  of  absorption  was 
resorted  to  for  the  estimation  of  either  the  ammonia  or  the  reducing 

power  of  the  organic  matter  in  the  air.  It  was  possible  therefore 
to  estimate  the  quantity  of  organic  matter  in  the  air  in  terms  of  both 

the  end-products  which  have  served  thus  far  for  the  estimation  of 
organic  matter  by  the  various  experimenters. 

In  those  methods  in  which  the  organic  matter  is  converted  into  free 
and  albuminoid  ammonia  the  retort  and  condenser  used  for  the  distil^ 

lation  process  are  previously  rendered  free  from  ammonia  by  the  pro* 
longed  distillation  of  distilled  water  that  contains  but  very  small 
proportions  of  ammonia.  The  absorbent  material,  whatever  the  form 
that  has  been  used,  is  transferred  to  the  clean  retort  and  diluted  with  a 

sufficient  quantity  of  twice  distilled  water  to  bring  the  whole  amount 
up  to  500  c.  c.  The  preparation  of  sufficient  quantities  of  twice  distilled 

water  having  a  low  ammonia-content  is  not  always  an  easy  matter.. 
This  is  especially  the  case  with  the  laboratory  water-supply.  The 
sewage  contamination  of  the  water  supply  is  so  marked  as  to  make  it. 

impossible  to  remove  all  the  ammonia  in  the  second  distillation,  owing- 

to  the  presence  of  considerable  quantities  of  urea  in  it.  By  using- 
spring  water  this  difficulty  was  largely  obviated.  In  each  determina- 

tion it  is  necessary  to  deduct  the  ammonia- content  of  the  distilled  water 
that  was  used  to  dilute  the  absorbent  material  from  the  results  obtained 
for  the  determination. 

In  those  methods  in  which  the  reducing  power  of  the  organic  matter 

upon  permanganate  was  determined  the  process  was  carried  out  in  a 
porcelain  casserole  which  had  previously  been  cleansed  by  boiling  with 
some  of  the  permanganate  solution.  The  strength  of  the  solution  of 
permanganate  of  potash  employed  was  0.4  g.  to  the  litre  of  water,  and 
was  titrated  before  each  experiment  against  a  solution  of  oxalic  acid 

containing  0.7875  g.  to  the  litre  of  water,  and  10  c.  c.  of  which 

equalled  1  mg.  of  oxygen.  In  these  methods  it  is  also  necessary 
to  make  deductions  from  the  results  obtained  for  each  determination 

for  the  amount  of  oxygen  consumed  by  the  organic  matter  in  the  twice 
distilled  water  that  had  been  used  to  dilute  the  absorbent  material  to 

100  c.  c.     In  each  determination  6  to  8  c.  c.   of  permanganate  solu- 
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tion  are  added  to  the  diluted  absorbent  material,  and  also  5  c.  c.  of  25 

per  cent  sulphuric  acid,  and  the  boiling  continued  for  five  minutes. 

Method  I. 

A.  Total  oxidizable  matter.  In  this  method  the  total  oxidizable 

matter  in  air  is  determined  hj  aspii-ating  a  known  volume  of  air 
through  100  c.  c.  of  twice  distilled  water,  contained  in  a  Pettenkofer 

absorption  tube,  and  then  determining  the  amount  of  oxygen  consumed 

bj  this  absorbent  as  compared  with  the  same  amount  of  the  water 

before  the  experiment,  the  difference  between  the  two  results  repre- 
senting the  amount  of  reduction  produced  by  the  organic  matter  in  the 

volume  of  air  aspu-ated.  The  results  obtained  by  this  method  are 
given  in  Table  II ;  the  form  of  apparatus  employed  is  shown  in  Fig.  1. 

B.  Free  and  albuminoid  ammonia.  The  free  and  albuminoid  am- 

monia is  determined  in  the  100  c.  c.  of  twice  distilled  water,  used  as 

the  absorbent  material  in  this  method,  and  through  which  a  known 
Tolume  of  air  has  been  aspirated,  and  the  amount  of  ammonia  found 

in  the  same  quantity  of  the  water  before  using  is  deducted  from  the 
results  of  each  of  the  determinations.  The  results  obtained  by  this 

method  are  shown  in  Table  I ;  the  form  of  the  apparatus  is  the  same  as 
that  shown  in  Fig.  1. 

Method  II. 

A.  Determination  of  the  gaseous  and  dust-form  of  organic  matter 

*in  air,  according  to  the  method  of  Uffelmann.  A  small  Erlenmeyer 
£ask,  of  100  c.  c.  capacity,  and  closed  with  a  rubber  stopper 
having  two  openings,  contained  the  absorbent  material  which  in 

this  method  is  25  c.  c.  of  ̂   solution  of  permanganate  of  potash 

acidulated  with  sulphuric  acid.  The  openings  in  the  rubber  stopper 
of  the  flask  carry  two  short  pieces  of  glass  tubing  ;  the  one  is  connected 

.at  its  upper  extremity  with  a  small  globe-shaped  glass  tube  containing 

freshly  ignited  'asbestos  or  glass-wool,  and  the  lower  extremity  of  the 
tube  extends  nearly  to  the  bottom  of  the  flask.  The  other  glass  tube 
is  bent  at  right  angles  just  above  the  stopper,  and  terminates  just 
below  the  inner  edge  of  the  stopper.  The  other  end  of  this  tube 
is  connected  with  the  aspirator. 

The  gaseous  form  of  organic  matter  is  retained  in  25  c.  c.  of  perman- 
ganate solution  in  the  flask.  Its  amount  is  determined  by  diluting 

the  permanganate  solution  with  75  c.  c.  of  twice  distilled  water  and 

boiling  in  the  ordinary  manner,  deducting  the  amount  of  oxygen  con- 
sumed by  the  75  c.  c.  of  water  from  the  end-result 
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The  dust-form  of  organic  matter  is  determined  by  transferring  the 

asbestos  or  glass-wool  absorbent  to  a  clean  casserole,  adding  100  c.  c. 
of  twice  distilled  water,  .6  to  8  c.  c.  of  permanganate  solution,  and  5 

c.  c.  of  25  per  cent,  sulphuric  acid,  and  then  boiling  for  five  minutes 
and  titrating  with  oxalic  acid  solution  in  the  usual  manner.  In  each 

determination  it  is  necessary  to  deduct  the  amount  of  oxygen  con- 

sumed by  the  100  c.  c.  of  water  from  the  end-result.  The  results 
obtained  for  the  gaseous  and  dust-form  of  organic  matter  in  air  by  this 
method  are  given  in  Table  III ;  the  form  of  apparatus  employed  is 
shown  in  Fig.  2. 

Method  III. 

A.  Total  oxidizable  matter.  This  method  is  a  modification  of 

that  employed  by  Remsen.  The  air  is  aspirated  through  freshly 

ignited  and  finely  granular  pumice-stone  contained  in  a  glass  absorp- 
tion tube,  18  c.  m.  in  length  and  1  c.  m.  in  diameter.  The  pumice- 

stone  is  then  washed  into  a  clean  casserole  with  100  c.  c.  of  twice 

distilled  water,  and  the  oxidizable  matter  determined  in  the  usual 

manner.  From  the  results  so  obtained  it  is  necessary  to  deduct  the 

amount  of  oxygen  consumed  by  the  100  c.  c.  of  water,  and  by  a  simi- 

lar amount  of  the  pumice-stone  before  it  is  exposed  to  the  air.  In 
some  of  the  experiments  a  dust-filter  of  freshly  ignited  asbestos  was 
prefixed  to  the  absorption  apparatus  to  exclude  all  dust.  The  results 

obtained  by  this  method  are  given  in  Table  YI ;  the  apparatus  em- 
ployed in  this  method  is  shown  in  Fig.  8. 

B.  Free  and  albuminoid  ammonia.  Remsen' s  method.  By  this 
method  the  free  and  albuminoid  ammonia  are  determined  by  transfer- 

ring the  finely  granular  pumice-stone,  through  which  a  known  volume 

of  ail'  has  been  aspirated,  to  a  clean  retort  with  500  c.  c.  of  twice  dis- 
tilled water.  Before  beginning  the  aspiration  of  air  the  pumice-stone 

is  moistened  with  some  twice  distilled  water.  From  the  results  ob- 

tained in  each  determination  it  is  necessary  to  deduct  the  amount  of 

ammonia  given  off  by  the  same  amount  of  water,  as  well  as  by  the 

same  amount  of  the  pumice-stone.  The  results  obtained  by  this 
method  are  shown  in  Tables  IV  and  Y ;  the  apparatus  employed  is 
shown  in  Fig.  3. 

Method  IY. 

A.  Carnelley  and  Mackie's  method.  In  this  method  the  air  con- 
tained in  a  four-  to  six-litre  flask  is  agitated  with  50  c.  c.  of  yirW  solu- 

tion of  permanganate  of  potash  for  about  five  minutes.  Then  25  c.  c. 

of  the  permanganate  solution  are  placed  into  a  flat-bottomed  glass 
cylinder  of  such  size  that  it  is  filled  to  within  about  5  c.  m.  of  the  top 
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when  the  permanganate  solntion  is  diluted  with  125  c.  c.  of  twice  dis- 
tilled water.  Another  glass  cylinder  of  similar  size  contains  25  c.  c. 

of  fresh  permanganate  solution  diluted  with  125  c.  c.  of  water.  The 
tints  of  the  solutions  in  these  cylinders  are  compared  after  about  ten 

minutes,  and  the  tint  of  the  solution  in  the  first  cylinder  is  deepened 
so  as  to  compare  with  that  in  the  second  cylinder  by  the  addition  of  a 

few  drops  of  the  i-qVo"  solution  of  permanganate  from  a  burette.  The 
amount  of  permanganate  solution  required  for  this  purpose  indicates 

the  bleaching  effected  on  one-half  of  the  permanganate  solution  in  the 
flask  by  the  organic  matter  in  the  air  which  it  contained.  Since  1  c.  c. 

of  the  TTToir  permanganate  solution  is  equal  to  0,008  mg.  of  oxygen,  it 
is  easy  to  calculate  the  number  of  milligrammes  of  oxygen  required 
for  the  entire  sample  of  air  used.  The  results  obtained  in  this  method 

are  given  in  Table  YII. 

B.  Carnelley  and  Mackie's  method  modified.  This  method  dif- 
fers from  the  foregoing  in  that  the  permanganate  solution  is  run 

into  the  flask  from  a  burette  until  no  further  bleaching  effect  is  noted. 

The  flask  contains  50  c.  c.  of  pure  distilled  water,  and  the  bleaching 
effected  is  shown  by  the  tint  of  the  water  after  it  has  been  agitated 

with  the  sample  of  air  for  several  minutes.  The  permanganate  solu- 
tion is  added  until  a  very  faint  rose  tint  is  perceptible  in  the  water 

and  remains  permanent  for  five  minutes.  The  permanganate  solution 

used  in  this  method  is  -g-oVo"  strength ;  Ice.  equals  0.004  mg.  of  oxy- 
gen. The  number  of  cubic  centimetres  of  the  permanganate  solution 

required  to  produce  the  faint  rose  tint  in  the  50  c.  c.  of  water  will 
indicate  the  amount  of  organic  matter  in  the  sample  of  air  used.  The 

results  obtained  by  this  method  are  given  in  Table  YIII. 

Method  Y. 

A.  In  this  method  the  ammonia  in  the  air  is  estimated  directly,  by 

aspirating  the  air  through  a  y^  solution  of  sulphuric  acid  (100  c.  c.) 
which  is  contained  in  a  Pettenkofer  absorption  tube  and  afterward 

titrating  the  acid  with  a  y-g-  solution  of  ammonium  hydroxid,  1  c.  c. 
of  the  ammonium  hydroxid  solution  being  equal  to  1.7  mg.  of  NHg. 
The  results  obtained  with  this  method  are  given  in  Table  IX ;  the 

apparatus  employed  is  shown  in  Fig.  1. 
B.  By  aspirating  the  air  through  100  c.  c.  of  pure  distilled  water 

contained  in  a  Pettenkofer  absorption  tube  and  nesslerizing ;  the 

depth  of  the  color  produced  being  compared  with  standard  ammonium 
chloride  solution.  The  results  obtained  with  this  method  are  given 
in  Table  X. 

C.  Uffelmann's  method,  by  aspirating  the  air  through  10  c.  c.  of 
diluted  sulphuric  acid  and  titrating  with  Nessler's  reagent. 
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Method  YL 

Bj  this  method  the  sulphuretted  hydrogen  and  the  sulphurous  acid 

gas  in  the  air  are  determined  directly  by  aspirating  air  through  a  Petten- 

kofer  absorption  tube  containing  100  c.  c.  of  a  -f^  solution  of  iodine. 
The  quantity  of  iodine  remaining  unchanged  in  the  solution  is  deter- 

mined by  titrating  with  a  yw  solution  of  sodium  hyposulphite,  using 

starch  paste  as  an  indicator.  One  c.  c.  of  the  sodium  hyposulphite  solu- 
tion is  equal  to  1.7  mgs.  of  HgS,  or  3.2  mgs.  of  SOg.  The  results 

obtained  by  this  method  are  given  in  Table  XI. 
The  results  obtained  by  these  methods  show  quite  variable  amounts 

of  organic  matter  in  the  air.  This  is  what  one  would  expect  to  find, 
but  the  great  difficulty  in  such  an  investigation  is  that  it  is  not  possible 
to  make  satisfactory  control  experiments.  There  is  no  possibility  of 

establishing  a  standard  for  comparison,  yet  by  making  simultaneous 
determinations  with  the  different  methods  on  the  same  au*  some  idea 
as  to  their  reliability  may  be  obtained.  The  experimental  error  in  each 
of  the  methods  is  necessarily  very  large,  and  in  some  of  the  methods 

is  so  great  as  to  render  them  almost  entirely  useless.  The  more  cum- 
bersome the  apparatus  and  the  more  complicated  the  method  the  greater 

will  be  the  experimental  error.  Since  there  is  no  way  known  as  yet  of 
determining  the  organic  matter  directly,  it  becomes  necessary  to 
select  the  method,  which  gives  the  most  closely  concordant  results 

in  air  of  approximately  the  same  degree  of  purity,  or  in  several 

duplicate  determinations  on  the  same  air.  The  method  which  con- 
stantly gives  the  lowest  results  in  simultaneous  determinations  is  also 

probably  the  one  to  be  preferred  as  being  the  most  reliable.  This 
method  will  naturally  be  the  one  in  which  the  danger  of  contamination 

can  be  reduced  to  a  minimum,  and  requires  the  simplest  form  of  ap- 
paratus, and  yet  affords  reasonable  certainty  that  all  of  the  organic 

matter  is  absorbed. 

Judging  from  the  results  obtained  in  the  several  series  of  simultane- 
ous determinations  (see  Tables  XII  to  XY),  it  is  no  easy  matter  to  decide 

which  of  the  different  methods  is  to  be  preferred  as  being  the  most 

reliable.  Taking  all  the  points  into  consideration,  however,  it  appears 
to  me  that  the  Eemsen  absorption  tube  and  the  absorbent  material 

recommended  by  Eemsen — freshly  ignited  granular  pumice-stone — 
affords  the  most  trustworthy  results.  The  absorption  tube  is  small 

and  easily  cleansed,  and  the  pumice-stone  can  be  freed  from  organic 
matter  by  prolonged  incineration  in  a  platinum  crucible.  The  pro- 

cess of  distillation  employed  in  this  and  several  of  the  other  methods 

is,  however,  liable  to  lead  to  considerable  error,  especially  in  inex- 
perienced hands.  The  amounts  of  ammonia  to  be  derived  from  the 

organic  matter  in  several  hundred  litres  of  air  are  extremely  small,  so 
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that  without  the  utmost  caution  in  the  entire  manipulation  the  experi- 
mental error  may  exceed  several  times  the  amount  of  ammonia  really 

present.  Aside  from  these  difficulties  there  is  also  the  difficulty  of 
securing  absolute  freedom  of  all  ammonia  in  the  retort,  condenser,  and 

in  the  receivers,  as  well  as  the  great  difficulty  generally  experienced 
in  preparing  distilled  water  sufficiently  free  from  ammonia  to  make  its 
use  safe  for  the  purposes  required  in  these  methods. 

The  pumice-stone  also  affords  the  most  reliable  results  in  the 
methods  depending  upon  the  oxidation  of  the  organic  matter  in  the 
air  by  means  of  permanganate  solution.  Since,  however,  the  results 

obtained  in  this  manner  are  influenced  by  the  presence  of  other  redu- 
cing bodies  in  the  air,  this  cannot  be  looked  upon  as  being  an  ideal 

method. 

It  is  evident  that  the  quantity  of  organic  matter  in  the  air  varies 

from  hour  to  hour  and  from  day  to  day.  As  to  the  source  of  this 
organic  matter,  it  may  be  stated  that  this  will  vary  constantly  with  the 
locality  and  the  nature  of  its  surroundings.  The  dust  of  the  air  is 
undoubtedly  a  rich  source  of  ammonia  and  is  also  an  active  reducing 
agent  upon  permanganate.  The  relative  proportion  of  the  organic 
matter  in  the  air  that  is  of  a  nitrogenous  nature  seems  to  be  quite  large, 
yet  it  is  evident  from  the  results  of  analyses  that  a  portion  of  the 

organic  matter  is  non-nitrogenous  in  character.  It  is  probable  that  a 
large  proportion  of  the  nitrogenous  organic  matter  in  the  air  exists  in 
the  form  of  dust  particles  arising  from  vegetable  and  animal  debris, 

and  that  the  proportion  of  gaseous,  nitrogenous  organic  matters  is  much 
smaller  than  is  commonly  supposed,  at  least  in  ordinary  air  ;  and  such 

as  do  exist  are  presumably  of  the  form  of  amines  from  putrefactive  pro- 
cesses. Such  gaseous  bodies  could  occur  in  large  amounts  only  in  the 

vicinity  of  excessive  quantities  of  putrefying  materials,  or  of  certain 

manufacturing  establishments,  as,  for  instance,  soap  factories  or  bone- 
boiling  establishments. 

In  the  opinion  of  Grray,^^  "  the  organized  nitrogen  exists  in  the  air 
in  the  form  of  germs  and  minute  organisms  and  possibly  of  minute 

particles  of  disintegrated  organic  matter.  The  combined  nitrogen  con- 
tained in  rain  is  derived  from  three  sources  :  the  ammonia  compounds 

derived  from  the  decay  of  animal  and  vegetable  substances  and  from 
the  combustion  of  fuel ;  the  organic  matter  existing  in  the  air ;  and, 
lastly,  the  nitric  acid  resulting  either  from  the  oxidation  of  ammonia, 
and  probably  some  of  the  organic  matter,  or,  from  the  direct  union  of 

atmospheric  oxygen  and  nitrogen  imder  the  influence  of  electrical  dis- 

charges taking  place  in  the  atmosphere." 
From  the  fact,  therefore,  that  the  greater  portion  of  the  organic  mat- 

ter in  the  air  is  in  the  form  of  dust  particles,  and  that  but  a  relatively 
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small  proportion  of  it  is  "asnallj  present  in  the  gaseous  form,  the 
method  of  analysis  which  will  be  most  likely  to  present  results  that 

possess  any  degree  of  accuracy  will  be  the  one  which  abstracts  the  dust 
particles  most  efficiently  from  the  sample  of  air  analyzed.  In  the 
second  place,  the  most  reliable  method  will  be  the  one  in  which  the 
organic  matter  is  converted  into  ammonia  with  the  least  possibility 
of  any  considerable  experimental  error  arising  from  the  manipulation. 
The  method  which  has  seemed  to  me  to  meet  all  these  indications 

most  satisfactorily  is  that  of  Kemsen.  Here  the  absorbent  material 

consists  of  finely  granular  pumice-stone  that  has  been  freshly  ignited 
for  twelve  to  twenty-four  hours.  This  is  filled  into  a  small  glass  ab- 

sorption tube,  twenty  centimetres  in  length,  consisting  of  a  narrow 
portion  four  centimetres  long  and  three  millimetres  in  internal  diameter, 
and  of  a  wider  portion  sixteen  centimetres  long  and  twelve  millimetres 

in  internal  diameter.  The  mouth  of  this  tube  is  closed  by  means  of  per- 
forated rubber  cork  bearing  a  short  piece  of  glass  tubing  through  which 

the  air  enters.  This  tube  is  cleansed  by  placing  it  for  some  hours  in  a 

mixture  of  bichromate  of  potash,  sulphuric  acid,  and  water.  It  is  thor- 
oughly rinsed  with  twice  distilled  water,  until  free  of  all  trace  of  the 

cleansing  mixture,  and  wiped  on  the  outside  with  a  clean  towel.  It  is. 

now  ready  to  be  filled  with  the  freshly  ignited  pumice-stone.  This  is. 
transferred  from  the  plantinum  crucible  with  a  clean,  porcelain,  spoon- 
shaped  spatula.  As  soon  as  the  pumice  has  cooled  somewhat  it  is  well 

moistened  with  twice  distilled  water,  the  rubber  stopper  is  put  in  place, 

and  the  narrow  portion  attached  to  a  gas-meter  or  aspirator  by  means 
of  rubber  tubing.  The  moistened  granular  pumice-stone  thus  affords, 
an  excellent  absorbent  for  the  dust  particles  in  the  air  aspirated 
through  it. 

None  of  the  absorbents  used  in  the  other  methods  seem  to  afford 

such  favorable  opportunities  for  the  abstraction  of  the  dust  particles  in 
the  air.  This  is  especially  the  case  with  liquid  absorbent  materials.  The 

air  passes  through  these  in  the  form  of  fine  bubbles,  but  under  such  cir- 

cumstances the  dust  particles  may  also  pass  with  these  air  bubbles,  be- 
cause they  are  moistened  with  considerable  difficulty.  Neither  can  the 

absorbent  materials  used  in  the  other  methods  be  subjected  to  such 

purifying  processes  as  the  piimice-stone,  which  can  be  heated  to  red- 
ness without  injuring  its  absorbent  powers. 

Those  methods  in  which  the  organic  matter  is  determined  by  estimat- 
ing the  quantity  of  permanganate  reduced  by  it  seem  to  be  less  satis- 

factory in  many  respects  than  those  in  which  the  organic  matter  is 

converted  into  ammonia.  In  the  first  place,  such  results  are  always  in- 
fluenced by  the  reducing  action  of  other  bodies  in  the  air  besides  those 

of  organic  nature.     In  the  second  place  the  rate  at  which  many  organic 
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bodies  become  oxydized  by  the  permanganate  is  sufficiently  slow  to 

•escape  detection  by  this  process  as  ordinarily  conducted.  Finally,  the 
process  of  determination  by  boiling  with  acidulated  solution  of  perman- 
;ganate  of  potash  and  titration  with  oxalic  acid  solution  is  a  very  deli- 
■cate  one,  requiring  considerable  care  and  experience  to  obtain  concordant 
results. 

Those  methods  in  which  the  determination  is  made  with  cold  per- 
manganate solution,  and  where  the  amount  of  organic  matter  is 

estimated  colorimetrically,  are  open  to  several  objections.  The 

permanganate  acts  quite  slowly  in  cold  solution  and  without  any  de- 
gree of  regularity.  The  estimation  colorimetrically,  as  in  the  method 

'of  Carnelly  and  Mackie,"  is  a  most  uncertain  process  because  of  the 
difficulty  of  detecting  slight  variations  in  the  tints  of  permanganate  solu- 

tions of  the  strength  employed  by  them,  or  even  of  solutions  of  but 
half  that  strength.  It  appeared  to  me  that  the  operation  was  rendered 

somewhat  easier  by  using  a  permanganate  solution  of  only  one-half  the 
strength  recommended  by  them.  The  same  objections  apply  to  those 
methods  in  which  cold  solutions  of  permanganate  are  shaken  with 
successive  portions  of  a  sample  of  air  until  they  are  decolorized,  as  in  E. 

Angus  Smith's  "  air- washing  "  ;  and  in  methods  already  described  in 
which  the  permanganate  is  added  slowly  to  a  sample  of  air  in  a  flask 

as  long  as  it  is  being  decolorized.  Under  such  conditions  the  perman- 
ganate acts  slowly  and  u.nsatisfactorily ;  and  there  is  great  difficulty  in 

recognizing  the  exact  point  of  neutralization  since  the  end-reaction  is 
not  sharply  defined,  and  as  yet  there  appears  to  be  no  way  in  which  it 
€an  be  made  more  definite. 

THE  RESULTS  OBTAINED  IN  AIR  ANALYSES  BY  THE 
DIFFERENT  METHODS. 

Method  I. 

Absorbent  material :  twice  distilled  water. 

Absorption  apparatus :  a  Pettenkofer  absorption  tube. 

table  I. 

:no.  of Date, 

experi- 
1895 

ments. 

1 20-VI 
2 20- VI 
3 21-VI 
4 21-VI 
5 22- VI 
« 22- VI 
7 24-VI 

Time Amount 
Source  of  the taken of  air 
air  aspirated. 

m  aspi- 

aspi- 

Window. rating. 
rated. 

Room 7  hours 36.0  L. Closed 
Sewer  pipe 

7       " 
73.6  " 

Room 

6i     " 33.0  " 

Closed 
Sewer  pipe 

6i     " 
109.0  " 

Room 

6       " 
26.0  " 

Closed 
Sewer  pipe 

6      ̂' 84.9  " 

Room 

7i    " 122.0  " 

Closed 

Mgs.  of  NH3  in  1  cbm.  of  air. 

Free  NH, 

69.444 
47.554 
75.757 

27.523 0.000 
0.000 

0.000 

mgs. 

Alb.  NHs. 

458.333  mgs. 

33.967  " 
181.818  " 

22.935  " 
250.000  " 

88.339  " 

0.000  " 
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This  table  shows  analyses  made  of  the  air  of  one  of  the  rooms  of  the 
laboratory,  and  of  the  air  of  one  of  the  soil  pipes  at  the  same  time  on 

several  successive  days,  the  organic  matter  being  converted  into  am- 
monia. The  windows  of  the  room  were  closed  on  each  day.  The 

results  obtained  from  the  room-air  are  uniformly  higher  than  those 

obtained  from  the  air  of  the  soil  pipe.  With  one  exception,  the  pro- 
portion of  albuminoid  ammonia  in  the  air  of  the  soil  pipe  is  smaller 

than  that  of  the  free  ammonia,  while  in  the  room-air,  with  the  excep- 
tion of  the  last  analysis  where  no  ammonia  was  found,  the  albuminoid 

ammonia  is  far  in  excess  of  the  free  ammonia. 

TABLE    II. 

This  table  shows  analyses  made  of  air  taken  from  the  same  sources 

as  those  recorded  in  Table  I,  but  in  this  instance  the  quantity  of  or- 
ganic matter  is  estimated  by  its  reducing  action  on  permanganate  instead 

of  being  converted  into  ammonia.  In  two  of  the  analyses  of  the  room- 

air  a  dust-filter  had  been  placed  before  the  absorption  apparatus,  but 
since  no  analyses  were  made  on  the  same  day  without  the  use  of  a 
dust-filter  the  results  obtained  afford  no  information  as  to  the  effects  of 
such  a  dust-filter  on  the  results  obtained.  The  results  obtained  with- 

out the  use  of  a  dust-filter,  on  succeeding  days,  are  in  some  instances 
even  more  variant  than  those  with,  and  without,  the  use  of  the  dust 

filter.  No  suggestion  can  be  offered  to  explain  the  very  high  results 

obtained  in  the  first  four  analyses.  No  uniform  relation  can  be  deter- 
mined between  the  relative  amounts  of  organic  matter  in  the  room-air 

and  that  of  the  soil  pipe  in  the  results  obtained  by  this  method,  as 
seemed  to  be  the  case  in  the  results  recorded  in  Table  I. 
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Method  11. 

Absorbent  materials  :  (a)  purified  glass-wool,  (b)  acidulated  perman- 
ganate solution. 

Absorption  apparatus :  two  small  Erlenmejer  flasks,  connected  by 

rubber  tubing;  modification  of  Uffelmann's  apparatus. 
TABLE    III. 

No.  of Date, 

experi- 1895. 
ment. 

1 7-VI 
2 7-VI 
3 8-VI 
4 10- VI 
5 20- VI 
6 21-VI 
7 22- VI 
8 24- VI 
9 24- VI 

10 26- VI 
11 26-VI 
12 26-VI 
13 2- VII 
14 2- VII 
15 2- VII 
16 3- VII 
17 3-VII 
18 3-VII 
19 8-VII 
20 8-VII 

21 8-VII 

Time 
Amount  of taken Source  of 

air  aspirated. 
in  aspi- rating. the  air. 

30.0  L. 1    hour Room Closed 

25.0   " 

1     " 

(( 

30.0   " 

1     " 

'•' 

27.0   " 

1     " 

a 

7.3   " 
2ihrs. 

a 

8.8   " 

5     " 

a 

6.7   " 

3^  " 

li 

7.5   " 

5^  " 

Open 

8.3   '' 

5f  " 

" 

5.5   '' 

44-  " 

u 

8.0   " 

3|  " 

(( 

10.0   " 

3f  " 

(( 

8.4   '' 

U  "
 

Closed 

8.25" 
5i    " 

a 

12.1    " 

5i  " 

(I 

17.3   " 

5i" 

Open 

8.0   " 

H  "
 

a 

8.4   " 

5i  " 

" 

7.6   " 

64  " 

<( 

8.05" 

64  " 

(( 
10.2   " 

6     " 

i( 

Mgs.  of  O  consumed  for  1 cbm.  of  air. 

Gaseous  form.     Dust-form, 

0.31746 
13.33333 
0.63492 
0.35273 

19.56947 
54.11255 
0.00000 

19.04761 
5.73723 

17.65224 
8.82612 

19.41747 
5.75109 
5.75109 
5.75109 

19.64195 
33.90776 
43.05748 
25.42588 
6.00114 
4.73619 

mgs 
80952  mg& 

09523 

63492 17637 

56947 
23376 
32196 

39420 
42340 

81553 
50218 

50654 
67989 
11812 
45307 
49529 

00912 
94476 

This  table  shows  analyses  made  on  room- air,  mostly  in  duplicate  and 
triplicate,  with  separate  estimations  of  the  gaseous  and  of  the  dust-form 
of  organic  matter.  The  results  obtained  in  simultaneous  determinations 
on  the  same  air  show  a  marked  variation.  This  variation  in  the  results 

seems  to  be  intimately  connected  with  the  quantity  of  air  that  was 

aspirated  through  each  apparatu.s ;  the  greater  the  quantity  of  air  aspi- 
rated the  smaller  the  relative  proportion  of  organic  matter  found,  both 

as  to  the  gaseous  and  the  dust-form  of  organic  matter.  There  is  no  in- 
dication from  the  results  obtained  of  any  definite  relation  between  the 

quantity  of  organic  matter  in  gaseous  form  to  that  in  the  form  of 
dust. 

The  objections  to  this  method  are  that  the  amounts  of  the  absorbent 

materials  are  quite  small  and  consequently  incapable  of  absorbing  any 
material  portion  of  the  organic  matter  from  the  air  passed  through  them. 
The  small  quantity  of  absorbent  material  also  necessitates  the  aspiration 
of  the  air  in  very  slow  current.     The  results  obtained  are  quite  variant 



ORGANIC   MATTER   IN   AIR. 
17 

in  simultaneous  determinations  on  the  same  air,  and  are  inlfluenced  to 

a  marked  degree  by  the  quantity  of  air  used.  Another  objection  is  the 

difficulty  with  which  the  glass-wool  is  boiled  with  the  permanganate  on 
account  of  the  bumping  and  spirting  that  take  place  even  though  the 
heat  applied  is  barely  sufficient  to  keep  the  fluid  at  the  boiling  point. 

"With  the  utmost  care  possible  several  of  the  determinations  of  the  dust- 
form  of  organic  matter  were  so  vitiated  from  this  cause  as  to  necessitate 
their  omission  from  the  table. 

For  these  different  reasons  I  consider  this  to  be  a  totally  unreliable 

and  unsatisfactory  method,  and  especially  so  with  regard  to  the  quanti- 
tative determination  of  the  relative  proportions  of  organic  matter  in  air 

in  its  two  forms,  the  gaseous  and  dust-form.  In  my  hands  it  has  failed 
utterly  to  differentiate  between  these  two  forms  of  organic  matter. 

Method  III. 

Absorbent  material :  freshly  ignited,  finely  granular  pumice-stone. 
Absorption  apparatus :  a  small  glass  tube,  twenty  centimetres  in 

length,  consisting  of  a  narrow  portion  four  centimetres  long  .and  three 
millimetres  in  its  internal  diameter,  and  an  expanded  portion  sixteen 
centimetres  long  and  twelve  millimetres  in  its  internal  diameter,  similar 

in  size  and  form  to  the  absorption  tube  used  by  Kemsen  and  by  Abbott 
in  their  experiments. 

TABLE    lY. 

No.  of 
experiment. 

Date,  1895. 
Amount  of 

air  aspirated. 

Time 
taken  in Source  of 

the  air. 
Mgs.  of  NHg  in  1  cbm.  of  air. 

aspirat- 

ing. 
Free  NH3. Alb.  NH3. 

1 6-III 214.0  L 3     hrs External 2.3360  mgs 9.3450  mgs 
2 7-III 

386.0  " 
4       " 

(( 

7.7430      " 
1.2950    ' 

3 7-III 

340.0  " 

H    " 

(( 

1.4705      " 
4.4110    ' 

4 8-III 

343.0  " 

34     " 

a 

1.4570      " 
2.9150    ' 

5 8-III 

336.0  " 

3|     " 

Room 

23.8095      " 29.7610    * 
6 9-III 

386.0  " 

4      - 

External 

10.5260      " 13.1570    ' 
7 ll-III 

393.0  " 
4       " 

(. 
10.1770      " 

12.7220    ' 
8 12-III 

364.0  " 

3f     " 

Room 
19.2300      " 

27.4720    ' 
9 12-III 

295.0  " 

3       " 

External 

13.5590      '* 84.7450    ' 

10 13-111 

293.0  '' 3       - 
0.0000      " 102.3880    ' 

11 13-111 

310.0  " 
3       " 

Room 

0.0000      " 32.2580    ' 
12 14-III 

370.0  " 

3f     " 

External 

0.0000      '* 10.8100    ' 
13 14-III 

820.7  " 
4       " 

Sewer  Pipe 

10.9660      '' 8.5290    ' 

14 15-III 

741.5  " 
3       " 

25.6230      " 
9.4400    ' 

15 15-111 

300.0  " 
3       " 

External 
0.0000      " 

3.3333    ' 
16 16-III 

1533.8  " 

5       " 

Sewer  Pipe 

4.5660      " 
3.9111    * 

17 16-III 

330.0  " 

H     " 

Room 
12.1210      " 

9.0909    ' 

18 16-III 

340.0  " 

3i     " 

External 
1.4705      " 

1.4705    ' 
19 18-III 

390.0  " 
4       " 

a 

0.0000      " 
5.1280    ' 

20 18-111 

1075.4  " 

3i     " 

Sewer  Pipe 

21.8520      " 
13.4830    ' 

21 19-III 

1971.1  " 

6f     " 

(< 6.0870      " 
4.5650    * 

22 19-III 

556.0  " 

6f     '* 

External 
0.9000      " 

3.5970    ' 

23 20-III 

1282.5  " 

4i 

Sewer  Pipe 

6.2380      " 
0.7799    " 
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This  table  shows  analyses  of  the  room-air  and  of  the  soil  pipe,  and 
also  of  the  external  air,  with  the  organic  matter  estimated  as  ammonia. 
In  this  table  the  greater  proportion  of  free  ammonia  as  compared  with 
albuminoid  ammonia  in  the  air  of  the  soil  pipe  is  also  shown,  as  in 

Table  I ;  while  in  the  majority  of  the  analyses  of  room-air  and  of  the 
external  air  the  proportion  of  albuminoid  ammonia  is  again  greater 
than  the  free  ammonia,  as  was  shown  by  the  results  in  Table  I. 

TABLE   V. 

No. Date, 
1895. Hour  of  day. Source  of 

the  air. 

Atmospheric  conditions. 
Mgs.  of  NH3  in  1 cbm.  of  air. 

of 
exp. Clouds. Tempt. 

Bar. 
Wind. FreeNH, 

Alb.NH,. 

1 
2 
3 
4 

6-III 
7-III 
7-III 
8-III 

10.00  a.m. 

9.50     " 2.00  p.m. 
10.00  a.m. 

External Part  Cloudy Cloudy 
Raining 
Cloudy 

5.5°  C 

8.5  " 12.0  " 

7.5" 

mm. 

775.3 
768.0 

764.2 
757.1 

S.  E. 
s.w. E. 

N.  E. 

mgs. 2.336 

7.743 
1.470 
1.457 

mgs. 9.345 
1.295 
4.411 

2.915 

5 8-III 2.00  p.m. Room (( 

1 

8.5  " 19.5  " 

754.7 
W. 

23.8095 29.761 

6 
7 

8 

9-III 
ll-III 

12-111 

11.45  a.m. 
12.10  p.m. 

10.00  a.m. 

External 

Room 

Light  Snow Snowing 

j  Cloudy  ) 
i    Misty    j 

-0.5  " 

0.0" 
2.0" 

19.8  " 

756.3 
769.1 

767.6 

N.  W. 
N.E. 

N.  E. 

10.526 
10.177 

19.230 

13.157 
12.722 
27.472 

9 
10 

11 

12-III 
13-III 

13-III 

1.45  p.m. 
11.00  a.m. 

2.00  p.m. 

External 

Room 

Foggy 

Cloudy 

3.0" 

8.0" 

8.5" 
20.5  " 

767.3 
766.5 

764.1 

E. 

S.  E. 
S.  E. 

13.559 
0.000 
0.000 

84.745 
102.388 

32.258 

12 
15 

14-III 
15-III 

11.15  a.m. 

11.15     " 

External Clear Raining 

3.5" 

-3.0  " 

764.8 
766.0 

N.  W. 

N.E 

0.000 

0.000 

10.810 
3.333 

17 16-III 

9.30     '' 
Room Clear 

0.0  " 18.0  " 

[ 
755.8 N.  W. 12.121 9.0909 

18 
19 
22 

16-111 
18-III 
19-III 

1.00  p.m. 
11.45  a.m. 
12.15  p.m. 

External 
Cloudy -0.8  " 

-f-5.5  " 

4.0" 

756.5 
759.8 
763.2 

N.  W. 
N.  W. 
N.E. 

1.470 

0.000 
0.900 

1.4705 

5.128 
3.597 

This  table,  containing  the  determinations  of  organic  matter  in  room- 
air  and  in  external  air  which  form  a  part  of  Table  TV,  shows  the 

atmospheric  conditions  prevailing  at  the  time  the  analyses  were  made. 
The  data  as  presented  here  show  no  marked  variations  in  the  quantity  of 

organic  matter  in  external  air  as  the  result  of  the  atmospheric  condi- 
tions. The  most  marked  influence  noticeable  is  the  gradual  decrease 

in  the  quantity  of  ammonia  during  several  days  of  rain,  snow,  and 
fog  ;  and  also  but  a  slight  increase  during  the  clear  days  immediately 

following  that  period.  The  season  of  the  year  at  which  these  experi- 
ments were  made  is  also  most  probably  that  in  which  the  atmospheric 

influences  on  the  quantity  of  organic  matter  in  air  are  least  effective. 
The  amount  of  moisture  in  the  soil  at  this  season  is  sufficient  to  prevent 

the  rise  of  large  quantities  of  dust.     The  quantity  of  organic  matter  in 
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the  room-air  was   found   to  be  constantly   higher   than  that  in  the 
external  air. 

TABLE   VI. 

No.  of Date,  1895. Amt.  of  air Time  taken Source Mgs.  of  0  con- sumed for 
experiment. aspirated. in  aspirating. of  the  air. 1  cbm.  of  air. 

1 15-III 196.0  L. 2  hours External 0.0000  mgs. 

2 20-III 

418.0  *' 

^    
 u 

<< 

0.1955      ' 3 21-III 

698.0  " 

7      " 

(( 

0.0413      ' 4 21-III 

1429.0  " 

^  "
 

Sewer  pipe 

0.0000      ' 5 22-III 

598.0  " 

6      " 

External 

0.0000     ' 
6 22-III 

1174.5  " 

41.  " 

Sewer  pipe 

0.1252     ' 
7 23-III 

1938.5  '' 

6^    " 

" 

0.1240     ' 
8 23-III 

660.0  " 

6f    " 

Room 

0.0000     ' 9 25-III 
1471.6  " 

5      " 

Sewer  pipe 

0.0000     ' 
10 25-111 

623.0  - 

5i    " 

Room 
0.0077      ' 11 4-IV 

576.0  " 

4  '' 

External 

0.0000     ' 
12 4-IV 

176.6  " 

4  - 

Sewer  pipe 

1.3600     ' 
13 5-IV 

888.0  " 

9   " 

External 

0.0054     ' 
14 5-IV 

2547.0  " 

9   " 

Sewer  pipe 

0.0000     ' 

This  table  shows  analyses  made  on  room-air,  external  air,  and  the  air 
of  the  soil  pipe  with  the  quantity  of  organic  matter  estimated  from  its 
action  in  reducing  permanganate.  The  results  obtained  show  no 
uniform  relations  in  analyses  of  air  from  the  same  source  on  succeeding 
days.  In  a  number  of  the  determinations  there  was  entire  absence  of 

any  reducing  action,  and  since  it  is  improbable  that  there  is  at  any 
time  no  organic  matter  in  air  drawn  from  such  sources  as  these  samples 
were  taken,  it  is  evident  that  this  is  not  a  reliable  method  for  the 

determination  of  organic  matter  in  air. 

Method  IV. 

Absorbent  material :  a  yVVir  solution  of  permanganate  of  potash,  as 

employed  by  Carnelley  and  Mackie. 
Absorption  apparatus  :  flasks  of  about  four  litres  capacity. 
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TABLE   VII. 

No.  of Date,  1895. 
Amt.  of Source Windows. Mgs.  of  0  con- sumed for 

experiment. air  used. of  the  air. 1  cbm.  of  air. 

1 9-V 3.885  L. Room 

Open 

12.3552  mgs. 
2 9-V 

3.910  " 
(( 12.2762     ' 

3 
10-V 

3.885  " 

a 

12.3552     ' 4 
10-V 

3.910  '' 
'< 12.2762     ' 5 

11-V 

3.885  " 

" 

10.3293     ' 6 11-V 

3.910  " 

(( 

10.2301     ' 7 11-Y 

3.885  " 

a 

12.3552     ' 8 
11-V 

3.910  " 

a 

12.2762     ' 
9 

18-V 
3.885  " 

Closed 

28.8288     ' 
10 

13-V 
3.910  " 

" 

28.6444     ' 
11 

15- V 

3.885  " 

(( 

8.2368     ' 
12 

18-V 
3.885  " 

a 

10.3293     ' 
13 

18-V 

3.910  '' 

li 

6.9565     • 
14 

24-V 

3.885  '•- 

a 

12.3552     ' 
15 24.V 

3.910  " 

i( 

12.2762     ' 
16 

27-V 

3.885  " 

(( 

8.2368     ' 
17 

27-V 
3.910  " 

i( 

8.1841     ' 
18 

29-V 

3.885  " 
Open 

8.2368     * 
19 

29-V 

3.910  '' 

a 

6.1381     ' 
20 

dl-V 
3.885  " 

" 

8.2368     ' 
21 

31-V 

3.910  " 

i 

(( 
8.1841     ' 

22 1-VI 

3.885  " 
(( 24.7104     ' 

23 1-VI 

3.910  " 

a 

16.3682     ' 
24 3.VI 

3.885  " 

a 

8.2368     ' 
25 3-VI 

3.910  " 

li 

•      2.0460     * 
26 4- VI 

3.885  " 

Closed 

16.4736     ' 
27 4- VI 

3.910  '' 

" 

8.1841     ' 

This  table  shows  analyses  in  which  the  organic  matter  is  determined 
colorimetricallj  by  comparing  a  portion  of  the  permanganate  that  has 

been  exposed  to  the  air  with  the  tint  of  an  equal  amount  of  fresh  per- 
manganate solution. 

"While  the  results  show  marked  variations  in  the  amount  of 
organic  matter  in  the  air  in  a  few  of  the  determinations,  the  results 

cannot  be  taken  as  showing  with  any  degree  of  accuracy  the  amount 
of  organic  matter  that  was  really  present.  The  objections  to  this 
method  have  already  been  considered  elsewhere  at  sufficient  length  to 

require  any  further  remarks.  It  is  probably  true,  as  claimed  by 
Carnelley  and  Mackie,  that  for  a  rough  estimate  this  method  is  not 

without  some  value.  The  principal  points  in  its  favor  are  the  fact 
that  it  is  portable  and  may  thus  serve  to  analyze  air  at  a  distance  from 

the  laboratory,  and  that  it  requires  quite  simple  apparatus  for  its 

operation. 
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TABLE   YIII. 

No.  of 
experiment. Date,  1895. 

Amt.  of  air 
used. 

Source  of 
the  air. 

Windows. Atmospheric 
conditions. 

Mgs.  of  0  con- sumed for  1 
cbm.  of  air. 

1 2- VII 3.968  L. Room. 
Open 

Clear 
12.096  mgs. 

2 10-VII 

3.968  " 

a 

3 26- VII 

3.968  '' 

" 

5.040     ' 
4 26- VII 

3.910  " 
(( 

5.112     ' 
5 16- VIII 

3.968  " 

(( 

6.048     ' 
6 16- VIII 

3.910  " 

a 

6.112     ' 
7 20- VIII 

3.968  " 

Closed 

4.032     ' 
8 20- VIII 

3.910  " 

(( 

4.092     ' 
9 26-VIII 

3.968  " 
Open 3.025     * 

10 26- VIII 

3.910  " 

(( 

3.069     ' 
11 28- VIII 

3.968  " 

a Partly  Cloudy 

2.016     ' 
12 28- VIII 

3.910  " 

a a             a 

2.046     ' 
13 30- VIII 

3.968  '' 

i( 

Cloudy 

3.025     ' 
14 30- VIII 

3.910  " 

i( 

" 

3.069     ' 
15 2-IX 

3.968  " 

a Clear 

4.032     ' 
16 2-IX 

3.910  " 

li u 

4.092     ' 

This  table  shows  analyses  made  in  which  the  organic  matter  is 

determined  from  the  quantity  of  ̂-g^-g-  permanganate  solution  that  is 
decolorized  when  shaken  with  a  sample  of  air  in  a  flask.  The  results 

obtained  with  this  method  are  only  an  approximate  indication  of  the 
amount  of  organic  matter  in  a  sample  of  air.  It  is  open  to  the  same 

criticisms  as  the  method  of  Carnelley  and  Mackie,  and  appears  to  give 
results  that  are  equally  as  good  as  those  obtained  by  their  method. 

The  points  in  its  favor  are  the  same  as  those  claimed  for  their  method, 
while  it  is  probably  easier  to  operate  and  requires  less  apparatus. 

Method  Y. 

Absorbent  materials :  (a)  -^  sulphuric  acid ;  (b)  twice  distilled  water. 
Absorption  apparatus :  a  Pettenkofer  absorption  tube. 

TABLE   IX. 

No.  of 
experiment. 

Date,  1895. 

13-V 
13-V 
15-V 
15-V 
17-V 
17-V 

Amt.  of  air Time  taken  in 

aspirated. aspirating. 

342.0  L. 26^  hours. 

55.0  '' 
264-      " 

191.0  " 

26 

44.0  " 
461      " 

232.0  " 25        - 

67.9  " 
25        " 

Source 
of  the  air. 

Room Sewer  pipe 

Room Sewer  pipe 

Room Sewer  pipe 

Mgs.  of  NHg 
in  1  cbm.  of  air. 

0.000  mgs. 

37.090 
0.000 

30.909 
0.000 

25.029 

This  table  shows  analyses  made  of  room- air  and  the  air  of  a  soil  pipe 
in  which  the  quantity  of  ammonia  was  determined  directly.  The  air 

was  aspirated  through  j-^  sulphuric  acid  and  the  amount  of  free  acid 
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remaining  in  solution  then  estimated  by  titration  with  ■—  ammonium 
hydroxid.  The  results  obtained  show  the  absence  of  ammonia  in  the 

room-air,  while  the  quantity  of  ammonia  in  the  air  of  the  soil  pipe 
appears  to  be  of  fairly  constant  proportions.  This  method  appears  to 
be  sufficiently  reliable  for  general  use.  The  importance  of  the  results 
obtained  rests  mainly  upon  the  fact  that  they  indicate  to  what  extent 
the  ammonia  in  the  air,  under  certain  conditions,  may  become  a  factor 
in  the  determination  of  organic  matter  in  air  with  any  of  the  methods 
in  use. 

TABLE    X. 

No.  of  ex- Date, 1895. 
Am  cunt  of 

air 

Time 
taken  in Source  of  the 

With  or 
without Mgs.  of  NH3  in  1  cbm. 

periment. aspirated. aspirating. 
air. dust-fllter. of  air. 

1 8-VII 110.5    L. 7    hrs. Room Without 0.0000  mgs. 
2 8-VII 

118.3     '' 

7      " 

Sewer  pipe (( 

0.8450     ' 3 23-X 

8.25  " 

5      '• 

Room 
a 

0.3030     ' 4 24-X 

8.0     " 

2f    " 

li 

0.2500     ' 
5 25-X 

8.0     " 

4i    " 

With 

0.0000     ' 
6 

25-X 

8.0     " 

4i  ;; 

Without 

0.1875     ' 
1 7-XI 

119.4    " 

With 

0.0000     ' 
8 7-XI 

73.0     " 
22i    " 

Without 

0.0000     ' 9 8-XI 

68.2     " 24^    " 

With 

0.0000     ' 
10 8-XI 

57.5     " 
24      " 

Without 

0.0000     ' 
11 9-XI 

204.9    " 

24      *' 

With 

0.0360     ' 13 9-XI 

138.75  " 
24      " 

Without 

0.0029     ' 
13 10-Xl 

131.5     " 

23f    " 

With 

0.0000     ' 14 10-XI 

88.25  " 

23|    " 

Without 

0.0056     ' 
15 ll-XI 

186.2     " 

23|    " 

With 

0.0000     ' 
16 11-XI 

212.0     " 

23i    " 

Without 

0.00235  ' 
17 12-XI 

82.0     " 

23i    " 

With 

0.0000    ' 
18 12-XI 

192.5     " 

23^    " 

Without 

0.0000     ' 19 13-XI 
157.6     " 

251    " 

With 

0.0000     ' 20 13-XI 
109.0     " 

25i    " 

Without 

0.0000     '* 

This  table  shows  analyses  made  by  aspirating  the  air  through  100 

c.  c.  of  twice  distilled  water,  and  testing  with  Nessler's  reagent ;  thus 
estimating  directly  the  amount  of  ammonia  in  the  air.  Usually  two 

simultaneous'  tests  were  made  on  the  same  air,  the  one  with,  and  the 
other  without,  the  attachment  of  a  dust-filter.  There  appears  to  be 
some  evidence  of  the  direct  influence  of  the  dust  of  the  air  on  the 

results  obtained  in  this  manner,  though  at  times  no  ammonia  was 
found  even  without  the  use  of  the  dust-filter.  At  all  times  the 

quantities  of  ammonia  found  were  quite  small. 

Method  YI 

Absorbent  material :  a  yu-  solution  of  iodine. 
Absorption  apparatus  :  a  Pettenkofer  absorption  tube. 
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TABLE   XI. 

No.  of  ex- 
periment. 

Amount  of Time 

Date,  1895. air taken  in 
aspirated. aspirating. 

29-IV 82.0     L. 21i  hrs. 
30-IV 

191.8     " 
48      " 

1-V 
212.25    " 

22      '' 
2-V 

238.0      " 

21f    " 
2-V 

235.7      '' 

23^    " 
3-V 

183.0     " 

21^    " 
3-V 

123.0     " 

21^    " 
4-V 

128.765  " 

69f    " 

Source  of  the Mgs.  of  HaS  in 
air. 1  cbm.  of  air. 

Sewer  pipe 76.70  mgs. 
a 

24.81     " 
a 

30.43     *' 
Room 

26.84    " 
Sewer  pipe 

29.21     " 
Eoom 

30.65     " 
Sewer  pipe 

33.88     " 
a 

64.69    '' 

Mgs.  of  SOa  in 
1  cbm.  of  air. 

144.39  mgs. 
46.71 
57.29 

50.52 
54.98 
57.70 
63.79 121.78 

This  table  shows  analyses  made  to  determine  the  quantities  of  other 

reducing  bodies  in  the  air  besides  those  of  organic  nature.  The  re- 
sults obtained  are  expressed  as  sulphuretted  hydrogen  in  the  one 

column,  and  as  sulphurous  acid  in  the  other.  Both  of  these  react  on 
the  iodine  in  a  similar  manner,  and  it  is  impossible  to  separate  them 
from  each  other  in  these  analyses.  The  value  of  these  results  lies  in 
the  fact  that  they  show  the  extent  to  which  the  results  obtained  as 

organic  oxidizable  matter  with  some  of  the  methods  are  influenced  by 
these  reducing  bodies  when  present  in  the  air. 

SIMULTANEOUS  DETERMINATIONS. 

In  order  to  ascertain  the  relative  value  of  the  results  obtained  by  the 
different  methods,  it  was  deemed  advisable  to  make  simultaneous 
determinations  on  the  same  air  with  several  of  the  methods.  Such  a 
series  of  determinations  should  afford  some  indication  as  to  which  of 

the  methods  is  probably  the  most  reliable  from  the  uniformity  of  the 
results  which  they  give  us. 

TABLE   XII. 

Mgs,  of  0  consumed  from  1  cbm.  of 
No.  of Date, 

1895. Method. Amount  o 
air  used f        Time ^     taken  in 

aspirating. 

Source  of 
the  air. 

air. 

ment. 
form. Dust-form. Total. 

mgs. mgs. 
mgs. 

1 10-X Ill-b 136.5     I ..    3f    hrs. Room 0.22916 
2 10-X Il-a 

8.0      ' 
'     31      " 

5.98728 14.66275 20.65403 
3 10-X I-b 

8.0     ' 
'     2}      " 14.66275 

4 11-X Ill-b 
172.75    ' 

'     5        - 0.63048 
5 11-X Il-a 

6.33    ' 
'     5i      " 

3.12827 15.64137 18.76964 
6 11-X I-b 

8.0     ' 
'  4  " 15.71782 

7 12-X Ill-b 
20.0     ' 

'  3;v  " 10.09085 
8 12-X Il-a 

7.625  ' 
'     3f      " 

11.58682 17.57121 29.15803 
9 12-X I-b 

7.5      ' 
8.67313 

10 14-X Ill-b 
95.0     ' '     4i      " 

0.87462 
11 14-X Il-a 

7.25    ' 
'     5tV    " 

7.01115 21.30313 28.31428 
12 10-X I-b 

7.5      ' 
'     ̂ \    " 

<< 14.72792 
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The  marked  variation  in  the  total  amounts  of  organic  matter  found 
in  simultaneous  determinations  with  these  three  methods  shows  that 

no  reliance  can  be  placed  on  the  results  obtained  by  at  least  two  of 
these  methods.  The  nearly  uniformly  low  results  obtained  with 

method  Ill-b  indicate  that  this  method  is  the  preferable  one  of  the 
three  entering  into  this  experiment. 

TABLE   XIII. 

No.  of 

experi- 

Date, 
1896. 

Source  of 
the  air. 

Amount  of 

air 

Time 

taken  in 
With  or 
without Method. Mgs.  of  0  consumed 

for  1  cbm.  of  air. ment. aspirated. aspirating. dust-filter. 

1 4-III Room 52.0    L. 
6f  hrs. 

With 

Ill-b 
3.8658  mgs. 

2 4-III 

72.7     " 

Qi.     " 

Without 

Ill-b 
7.2145 3 4-I1I 

13.1     " 

ei   - 

With I-b 
8.2900 

4 4-III 

15.4    " 

6|     " 

Without I-b 
6.3661 

5 5-III 
158.0     " 

7      - 

With 

Ill-b 

1.7684 i 

6 5-111 
113.2    " 

7      " 

Without 

Ill-b 
3.6374 

7 5-III 

13.75  " 

7      " 

With I-b 35.6506 
8 5-III 

13.3     - 

7      " 

Without I-b 

20.6398      " 

The  results  obtained  with  method  Ill-b  show  a  constant  influence 

from  the  dust-filter  attached,  but  those  obtained  with  method  I-b  fail 
to  show  such  an  influence ;  in  fact,  the  results  are  invariably  higher, 

from  some  unexplained  cause,  in  the  determinations  with  the  dust-filter 
than  in  those  in  which  it  was  not  used.  It  seems,  therefore,  that 

method  I-b  is  not  reliable,  even  with  the  utmost  care  possible. 

TABLE   XIV. 

No.  of Date, 
1896. 

Amount 
of  air 

aspirated. 

Time 
taken 

in  aspi- rating. 

Source 
of  the 
air. 

With  or  with- 
out dust- filter. 

Method. 
Mgs.  of  NHs  in  1  cbm.  of  air. 

ment. Free  NH3 Alb.  NH, 

1 6-1 434.5  L. 23Jh. Room With 
Ill-a 

0.0092  mgs. 0.0103  mgs. 
2 6-1 

1051.9  " 

23i" 

(( Without 

0.0294     " 0.0175     " 
3 7-1 

437.0  " 

25  " 

With 

0.0137     '' 0.0034     " 
4 7-1 

1033.5  " 

25" 

Without 

0.0387     " 
0.0062     " 

5 9-1 
838.0  " 

25  " 

With 

0.0095     " 0.0053     " 
6 29-1 

1158.6  " 

25  " 

Without 

0.0232    " 0.0081     " 
7 25-11 

698.5  " 

24^-  " 

With 

0.0114    " 0.0078     " 
8 25-11 

766.9  " 

24|  " 

Without 

0.0182     " 0.0071     " 
9 26-11 

686.5  - 

241" 

With 

0.0182     " 
0.0043    " 

10 26-11 

758.7  " 

24i" 

Without 

0.0237     '• 0.0158    " 
11 27-11 

727.5  " 

24" 

With 

0.0343     " 0.0013     " 
12 27-11 

819.8  " 

24" 

Without 

0.0536    " 0.0030     " 
13 28-11 

480.0  " 

25|" 

With 
0.0156     " 

0.0041     " 
14 28-11 

873.9  " 25|  "        " 
Without 

0.0583     " 0.0005     " 

This  table  shows  the  results  obtained  in  a  series  of  simultaneous 

determinations  with  Method  III- a,  with  and  without  the  use  of  a  dust- 
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filter.  It  will  be  noted  that  in  each  instance  the  free  ammonia  is 

lower  with  than  without  the  dust-filter,  and  only  in  two  instances  is 
the  albuminoid  ammonia  lower  without  than  with  the  use  of  the  dust- 
filter.  The  total  ammonia  is,  however,  constantly  lower  with  than 

without  the  use  of  the  dust-filter,  so  that  there  is  strong  evidence  that 
the  dust  in  the  air  is  the  source  of  a  large  part,  if  not  all,  of  the 

organic  matter.  It  is  probable  that  the  dust-filter  of  asbestos  failed 
to  filter  out  the  finer  dust  particles,  and  it  is  from  these  we  still  get 
the  reaction  of  ammonia  in  these  determinations  with  the  use  of  the 

dust-filter. 

TABLE   XV. 

No.  of Date, 
experi- ment. 1895. 

1 15-X 
2 15-X 
3 16-X 
4 16-X 
5 21-X 
6 21-X 

1896. 

7 12-III 
8 12-III 
9 12-III 

10 12-III 
11 12-III 
12 12-III 
13 12-III 
14 13-III 
15 13-III 
16 18-III 
17 13-III 
18 13-III 
19 13-III 
20 13-III 

Amount  of 
air  used. 

7.25 
192.0 

8.0 

8.0 
7.5 
7.25 

41.0 
38.7 
15.75 
14.1 
3.775 
3.83 
3.754 
3.775 
3.83 
3.754 

38.0 
82.9 
7.85 
7.75 

Mgs.  of  NH3  in  1 Time 
taken Source 

of  the 
With  or cbm.  of  air. 

Method. 
rating. air. dust-filter. 

FreeNHa Alb.  NH3 

mgs. mgs. 

4f  h. 
Room Without 

I-a 
0.0052 0.0317 

4f  " 

(( (( 
Ill-a 

0.3448 0.6896 

4f  " 

'( 

u I-a 
0.1250 0.7625 

4f  " 

" (( 
Ill-a 

0.0625 0.5000 

6    - 

(( (( I-a 
0.0666 0.0133 

6    " 

(( ii 

Ill-a 
0.0000 0.0000 

6f- 

(( With 
Ill-a 

0.0000 0.0268 

6f  " 

(( Without 

Ill-a 
0.0129 0.0516 

6|" 

" With 
I-a 

0.0000 0.0666 

6f  " 

Without 
I-a 

IV-a 
IV-a 
IV-b 
IV-a 
IV-a 

IV-b 

0.0000 0.0422 

6    " 

(( 
With 

Ill-a 
0.0000 0.1184 

6    " 

" Without 
Ill-a 

0.0240 0.0904 

6    " 

" With 
I-a 

0.0000 1.0191 

6    " 

a Without 
I-a 

0.0000 1.2903 

Mgs.  of 

O  con- 

sumed 
fori  cbm, 

mgs. 

3.1788 
3.1331 
2.6638 

8.4765 
8.3550 
4.2621 

The  results  in  this  table  seem  to  indicate  that  the  amount  of  organic 

matter,  as  shown  by  Methods  lY-a  and  b,  bears  some  relation  to  the 
amount  of  ammonia  as  shown  by  Methods  I  and  III.  The  results  ob- 

tained with  Method  III  are  lower  as  a  rule  than  those  obtained  with 

Method  I.  The  influence  of  the  dust-filter  on  the  quantity  of  organic 
matter  recovered  from  the  absorbent  material  is  most  marked  with 
Method  III. 

CONCLUSIONS. 

1.  The  quantity  of  organic  matter  bears  an  intimate  relation  to  the 

amount  of  dust  floating  in  the  air.     It  is  probable  that  the  gaseous 
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organic  matter  forms  but  an  exceedingly  small  proportion  of  the  total 
organic  matter. 

2.  The  attachment  of  a  dust-filter  of  asbestos  to  the  absorption 

apparatus  produces  results  that  are  constantly  lower  than  those  ob- 
tained without  the  dust-filter. 

"3.  The  most  reliable  method  for  the  estimation  of  organic  matter  in 
air  is  that  known  as  Kemsen's  method,  and  is  called  Method  Ill-a  in 
this  research.  The  pumice-stone  seems  to  be  the  best  form  of  absor- 

bent material  because  it  can  be  thoroughly  cleansed  by  heat  without 
changing  its  condition  or  usefulness. 

4.  Those  methods  which  determine  the  organic  matter  from  its  redu- 
cing action  on  permanganate  do  not  seem  to  afford  as  satisfactory 

results  as  those  in  which  the  organic  matter  is  estimated  as  ammonia. 

This  work  was  performed  while  holding  the  Thomas  A.  Scott 

fellowship  in  Hygiene  in  the  Laboratory  of  Hygiene,  University  of 
Pennsylvania.  I  desire  to  express  my  thanks  to  Dr.  John  S.  Billings, 
Director  of  the  Laboratory,  and  to  Dr.  A.  C.  Abbott,  First  Assistant, 
for  the  valuable  suggestions  and  assistance  with  which  they  favored 
me  during  the  progress  of  the  work. 

Fig.  1. — Apparatus  used  with  Methods  I,  V,  and  VI.  This  apparatus  consists 

of  :  a— a  stative  which  supports  the  Pettenkofer  absoi-ption  tube  containing  the 
absorbent  material ;  6— the  gas-meter  which  measures  the  volume  of  air  aspirated 
through  the  apparatus ;  and  c— a  Chapman  water  pump,  by  means  of  which  a 
slow,  steady  current  of  air  is  maintained  through  the  apparatus. 
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Fig.  2. — Apparatus  used  in  Method  II.  It  consists  of  :  a — a  small  globe-shaped 
glass  tube  containing  the  glass-wool  absorbent  for  the  dust  in  the  air  ;  & — a  small 
Erlenmeyer  flask  containing  the  acidulated  permanganate  solution  to  absorb  the 

gaseous  organic  matter ;  c — a  graduated  flask  of  eight  litres  capacity,  which 
serves  as  an  aspirator ;  and  d — another  eight-litre  flask  into  which  the  water 
drains  from  the  aspirator. 

Fig.  3. — Apparatus  used  with  Method  III.  It  consists  of  :  a — a  small  glass  tube, 
twenty  centimetres  in  length,  consisting  of  a  narrow  portion  four  centimetres 
long  and  three  millimetres  in  its  internal  diameter,  and  a  dilated  portion  sixteen 
centimetres  long  and  twelve  millimetres  in  its  internal  diameter.  This  tube  con- 

tains the  granular  pumice-stone  which  serves  as  the  absorbent  material  in  this 
method  ;  b — is  the  gas-meter  ;  and  c — a  Chapman  water  pump. 
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INTRODUCTION. 

A  great  chemist,  J.  B.  Dumas,  once  said  that  living  organisms  are 

nothing  but  "  condensed  air."  He  thus  expressed,  in  terse  terms,  the 
result  of  the  investigations  pursued  by  himself  and  others  into  the 
relations  of  the  atmosphere  to  living  beings. 

My  purpose,  in  the  following  pages,  is  to  show  how  closely  Dumas's 
statement  agrees  with  ascertained  facts,  even  more  closely  thau  he 
himself  suiDj^osed.  It  is  also  desirable  to  briefly  instance  and  illustrate 
the  varied  ways  in  which  air  influences  the  general  life  of  the  globe. 
If  the  ordinary  definition  of  the  word  were  not  an  impediment  to  its 
use  in  the  present  case,  I  would  say  that  I  purpose  making  a  general 

sketch  of  the  "  biology  "  of  the  atmosphere.  More  exactly  and  appro- 
priately I  may  use  a  qnite  similar  term,  and  say  that  the  subject- 

matter  of  this  essay  is  the  "natural  history"  of  the  air — taking  the 
term  in  the  sense  given  to  it  by  Geoffroy  St.  Hilaire — an  essay  upon 
the  properties  of  air  considered  in  its  relations  to  living  beings,  upon 
its  composition,  its  contents,  its  origin,  its  varied  modes  of  action. 

While  I  shall  especially  and  particularly  consider  air  in  its  relations 

to  life,  I  shall  also  refer  briefly  to  its  relations  to  other  subjects,  point- 
ing out  those  which  it  would  be  useful  to  investigate  further  in  order 

to  increase  the  scope  of  our  knowledge. 
The  study  of  the  atmosphere  is  truly  one  of  great  magnitude;  its 

relations  to  the  remainder  of  the  universe  are  so  varied  and  impor- 
tant, the  subjects  which  it  suggests  are  so  numerous  and  take  us  through 

so  many  fields  of  inquiry,  that  a  comparison  suggests  itself  forcibly — 
just  as  the  atmosphere  surrounds  our  whole  planet  and  forces  itself 
into  the  clefts  and  fissures  between  its  elements  and  rocks  to  the  depths 
of  the  soil,  in  the  same  manner  does  the  study  of  air  pertain  to  all 

departments  of  science,  to  geology  as  well  as  astronomy,  to  physics  no 
less  than  to  chemistry,  and  to  biology  in  the  largest  sense  of  the  term. 

While  it  would  be  a  hazardous  enterprise  to  undertake  a  complete 
review  of  so  important  a  subject,  it  may  prove  useful  to  give  a  rapid 
sketch  of  some  features,  and  that  I  shall  endeavor  to  do,  by  showing 
what  air  is,  physically  and  chemically  considered,  what  is  its  origin, 
what  it  contains,  and  of  what  use  it  is  to  life.  Doubtless  this  is  but 
a  small  part  of  the  subject,  but  this  sketch  may  contribute  to  show 
how  vast  and  varied  is  that  chapter  of  science  that  goes  under  the 

name  of  the  "  study  of  the  atmosphere." 
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I. — Air  Considered  from  the  Physical  Point  of  View. 

Yast  as  are  the  proportions  of  the  atmosphere  it  is  noue  the  less  invis- 
ible. It  surrounds  us  on  every  side;  we  are  bathed  in  it,  and  we  do 

not  see  it;  when  it  is  not  in  motion  we  do  not  feel  it.  Although  having 
material  existence  and  creating  material  effects,  for  evil  or  for  good,  it 
is  immaterial  to  our  senses.  This  iiuid,  this  gas,  may,  however,  be 

weighed.  Jean  Rey^  and  Otto  von  Guericke^  were  the  first  who  gave 
positive  proof  of  this,  and  showed  that  a  glass  receiver  in  which  a 

vacuum  had  been  made — even  imperfectly — weighed  less  than  the  same 
receiver  in  normal  and  free  connection  with  the  surrounding  atmos- 

phere— that  is,  full  of  air — and,  on  the  other  hand,  a  receiver  into  which 
air  is  forced  and  maintained  under  pressure  weighs  more  than  the 
same  receiver  full  of  air  at  the  normal  pressure  ^^ro  loco  et  tempore. 
One  liter  of  air,  pure  and  dry,  under  the  pressure  of  760  millimeters, 

at  Qo  temperature,  and  at  the  latitude  of  Paris,  weighs  1.293  grams 
(Eegnault).  It  weighs  more  if  the  pressure  is  higher,  less  if  it  is 
lower;  and  hence  a  liter  of  air  has  more  weight  at  the  bottom  of  a 

shaft  in  a  mine  than  at  sea  level,  and  less  on  top  of  a  hill  or  moun- 
tain. The  higher  the  altitude  at  which  air  is  weighed  the  less  it 

weighs,  because  it  expands,  the  same  weight  of  air  occupying  a  larger 
space  or  volume.  Air  is  more  dense  at  low  stations,  less  dense  in  the 

higher  strata  of  the  atmosjjhere,  so  that  when  the  weight  of  air  is  men- 
tioned it  is  ahvays  given  with  reference  to  a  certain  altitude,  to  a  cer- 

tain pressure,  and  also  to  a  certain  temperature  and  hygrometric  state, 
because  these  different  conditions  exert  a  considerable  influence  upon 
the  matter. 

As  in  the  case  of  other  gases,  air  is  made  up  of  molecules,  and  these 
are  considered  as  being  in  a  state  of  perpetual  motion.  It  has  been 

reckoned  that  the  number  of  impacts  or  collisions  to  which  each  mole- 
cule is  subjected  during  each  second,  in  the  tremendous  turmoil  which 

takes  place  in  the  air,  amounts  to  something  like  4,700,000,000 !  These 
molecules  are  exceedingly  small,  and  Sir  William  Thomson  (Lord 
Kelvin),  Clerk  Maxwell,  and  Van  de  Waals  give  their  dimensions  as 

being  less  than  a  fraction  of  one-millionth  of  a  millimeter,  1  cubic  cen- 
timeter of  air,  at  0°  and  760  millimeters  pressure,  containing,  in  round 

numbers,  some  21,000,000,000,000,000,000  of  these  molecules. 
I  have  referred  to  the  fact  that  the  weight  of  the  air  is  not  the  same 

in  all  localities.    It  also  varies  in  the  same  locality.     The  sum  total  of 

1  Jean  Eey,  Frencli  physician  and  physicist,  said,  in  1630,  that  if  tin  is  burnt  in 
contact  with  air,  it  increases  in  weight,  and  this  increase  is  due  to  air  which  has 
been  absorhed  by  the  metal  during  the  combustion. 

2  Otto  von  Gnericke,  born  1602,  died  1686.  He  also  demonstrated  atmospheric  pres- 
sure by  means  of  the  instrument  called  the  Magdeburg  hemispheres — two  hollow 

hemispherical  cups  which  it  is  very  difficult  to  separate  when  a  vacuum  has  been 
created  in  the  interior. 
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the  weight  of  the  atmospliere,  wherever  considered,  varies  every  day 
more  or  less,  often  ax)preciably  within  the  limits  of  a  few  hours  and 
even  minutes.  This  could  not  happen,  of  course,  if  the  weight  of  the 
strata  of  air  did  not  vary  also.  The  weight  of  the  whole  atmosphere 
increases  or  decreases  because  the  weight  of  the  air,  considered  at 
.any  region  vertically  above  the  point  where  the  observation  is  made, 
increases  or  decreases.  These  variations  of  weight,  or  pressure,  are 

indicated  by  the  barometer — devised  in  1643  by  Torricelli,  pupil  and 
friend  of  Galileo — and  the  oscillations  of  that  instrument  are  only  indi- 

cations of  the  differences  of  the  weight  or  pressure  of  the  air. 

!N"ow,  as  the  pressure  is  increased  at  low  stations,  and  diminished  at 
high  ones,  and,  as  there  is  a  very  definite  and  regular  connection  between 
differences  of  altitude  and  barometrical  indications,  it  is  conceivable 
that  the  barometer  may,  to  some  extent,  and  with  certain  limitations, 
yield  information  as  to  the  altitude  at  which  an  observer  finds  himself. 

It  is  sufficient  to  mention  the  fact;  the  methods  by  which  it  is  estab- 
lished would  require  too  long  an  exposition. 

Since  air  is  material  and  has  a  weight  of  its  own,  however  varia- 
ble, it  must  press  upon  all  organisms.  It  is  not  difficult  to  estimate 

with  some  precision  the  weight  of  the  superincumbent  air.  For  each 
square  centimeter  of  our  skin,  the  pressure  exerted  is  exactly  that 
of  a  vertical  column  of  mercury  1  square  centimeter  in  section,  and 
of  the  same  height  as  the  barometrical  column  at  that  moment.  If 
the  barometer  stands  at  760  millimeters,  the  i3ressure  is  exactly  that 
of  76  cubic  centimeters  of  mercury,  and  as  each  cubic  centimeter 

weighs  13.6  grams,  the  sum  total,  per  square  centimeter,  is  1  kilo- 
gram 33  grams,  or  about  15  pounds  per  square  inch.  Taking  the  skin 

surface  of  the  average  adult  to  be  something  like  IJ  square  meters 
(15,000  square  centimeters),  the  weight  with  Avhich  the  atmosphere 

presses  on  each  of  us  amounts  to  15,450  kilograms;  but  under  ordi- 
nary circumstances  we  do  not  feel  this  enormous  load,  because  the 

pressure  is  exerted  in  all  directions;  from  within  outward  as  well 
as  from  without  inward,  from  below  upward  as  well  as  from  above 
downward.  To  i)erceive  this  pressure,  it  must  be  removed  from  one 
side,  as  when  the  hand  is  placed  over  the  open  end  of  a  cylinder  in 
which  a  vacuum  is  being  formed;  then  one  feels  the  strong  pressure 
pushing  the  hand  toward  the  opposite  end  of  the  cylinder.  Of  course 
the  pressure  exerted  upon  the  body  and  all  objects,  is  lessened  as 
the  altitude  increases,  or  the  barometer  falls;  and,  reciprocally,  if  the 
barometer  rises,  or  if  the  body  be  at  a  low  station — in  a  mine  for 

instance — the  pressure  is  higher.  The  total  weight  of  the  atmosphere, 
at  sea  level,  under  normal  circumstances,  averages  some  5,000,000,- 
000,000,000,000  kilograms— that  is,  the  millionth  of  the  weight  of  our 
planet  itself;  or,  to  use  other  terms,  the  weight  of  a  continuous 
stratum  of  mercury  76  centimeters  high,  and  covering  the  entire  sur- 

face of  the  globe,  both  sea  and  land.    This  is  a  fairly  high  figure  for  a 
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substance  so  nearly  immaterial  tbat  it  escapes  our  vision.  However, 
air  is  not  always  invisible;  it  may  be  seen  very  clearly;  it  may  also  be 
touched  and  handled,  although  no  one  would  undertake  to  do  so,  or  to 
recommend  the  feat.  Whilst  it  is  gaseous  under  normal  pressure  and 
circumstances,  it  may  be  made  to  assume  the  liquid  form  when  subjected 

simultaneously  to  the  influence  of  considerable  cold  and  very  high  pres- 
sure. High  pressure  alone  is  not  sufficient.  Under  a  pressure  of  3,000 

atmospheres,  3,000  times  that  of  ordinary  sea-level  pressure,  oxygen 
and  nitrogen  remain  gases  (batterer);  but  if  at  the  same  time  the 
temperature  is  lowered,  they  immediately  assume  the  liquid  condition. 
MM.  Cailletet  and  Pictet  have  obtained  liquid  air  by  means  of  pressures 
of  300,  500,  or  1,000  atmospheres  cooperating  with  intense  cold,  with  the 

cold  corresponding  to  100°  or  200°  below  zero  (Celsius  or  centigrade). 
Under  such  circumstances  air  may  even  assume  the  solid  form;  the 

liquid  air  freezes  into  a  solid  block.^ 
1^0  one  could  venture  to  touch  this  liquid  or  solid  with  the  bare  skin, 

for  two  reasons;  one  being  that,  of  course,  air  can  be  kept  liquid  or 
solid  only  under  the  circumstances  of  its  jDroduction,  and  instantly 
becomes  a  gas  under  normal  pressure  or  temperature;  the  other,  that, 

even  if  the  transformation  were  not  instantaneous,  the  intense  absorp- 
tion of  heat  (ijroduction  of  cold)  which  accompanies  the  passage  from 

the  liquid  or  solid  to  the  gaseous  state  would  be  more  than  suflicient 
to  kill  instantly  all  living  tissues  in  the  vicinity. 

It  is  enough  for  our  present  purpose  to  simply  mention  the  impor- 
tance of  air  as  an  elastic  fluid,  and  the  part  played  by  this  gas  in 

luminous,  thermic,  acoustic,  and  electric  phenomena,  where  it  is  an  all- 
important  medium.  It  is  also  sufficient  to  remind  the  reader  of  the 
temperature  of  the  atmosphere  and  its  varied  movements,  from  the 
light  breeze  that  cools  the  hot  summer  days  to  the  cyclones  and 
tornadoes  which  destroy  buildings  and  tear  up  the  strongest  giants 
of  the  forests.  Lastly,  the  atmosphere  is  very  far  from  being  unlimited. 
It  ceases  at  some  distance  from  our  planet,  becoming  very  thin  and  rare 
even  at  altitudes  that  are  not  exceedingly  great,  such  as  5,000  meters 
(Mont  Blanc,  4,813  meters:  Gaurisankar  8,840  meters),  and  while  we 
are  not  prepared  to  state  the  exact  distance  from  the  earth  at  which 
all  traces  of  air  disappear,  it  is  generally  admitted  that  above  320  or 
350  kilometers  (1  kilometer =1,000  meters)  height,  vertically,  there  is 
no  atmosphere  worth  mentioning.  Of  course,  at  such  altitudes,  the  air 
must  be  exceedingly  thin  and  rarefied,  as  it  is  in  the  exhausted  receiver 
of  the  air  pump. 

It  is  commonly  said  that  air  is  tasteless  and  odorless.     Pure  air 

1  The  gas  is  first  cooled  down  to  30°  below  zero,  and  then  compressed  under  200  or 
300  atmospheres.  It  remains  fluid;  but  if  a  small  amount  of  it  is  then  allowed  to 

escape,  the  sudden  expansion — which  is  accompanied  by  a  production  of  cold,  while 
compression  causes  heat  to  be  evolved — cools  down  the  remainder  of  the  air,  the 

temperature  falls  to  200"  below  zero,  and  the  air  immediately  assumes  the  liquid  con- 
dition.    Lower  down  it  freezes  and  becomes  a  solid  block. 
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may  be  unable  to  affect  tlie  olfactory  iiiembraue ;  but  this  is  not  the  case 
with  the  atmosphere  generally.  The  air  that  surrounds  us  is  full  of 
scents  and  odors,  but  we  are  so  accustomed  to  them  that  we  take  no 
notice  thereof.  But  after  we  have  spent  some  time  in  an  atmosphere 
where  most  ordinary  odors  can  not  conveniently  gain  access,  and  then 
return  to  our  ordinary  surroundings,  the  case  is  altered,  and  Ave  perceive 
a  very  powerful  odor.  This  has  been  noticed  by  different  observers 
after  a  considerable  sojourn  in  deep  caves,  such  as  the  Man) moth  Cave 
in  Kentucky.  The  air  in  these  caves  is  nearly  odorless,  and  when, 
after  a  few  hours  spent  in  this  scentless  environment,  the  visitor 
emerges  again  into  the  open,  the  atmosphere  seems  j)owerfully,  even 

violently,  scented  or  odoriferous,  and  some  persons  may  even  be  tempo- 
rarily affected  by  the  intensity  of  the  sensation.  During  the  sojourn 

in  the  unscented  air  the  olfactory  cells  have  rested,  but  the  renewal 
of  their  activity,  generally  unconscious,  is  accompanied  by  a  very  strong 
sensation  which  however  soon  fades. 

The  atmosphere  does  not  stop  at  the  surface  of  the  seas,  nor  does  it 

cease  at  the  surface  of  the  soil.  It  penetrates  both,  the  former  espe- 
cially. In  the  latter  the  access  of  air  is  very  soon  arrested  by  the 

compactness  of  the  rocks  or  strata,  and,  generally  si)eaking,  the  pro- 
portion of  air  in  the  soil  is  very  small  in  all  cases  where  there  are  no 

clefts,  fissures,  or  deep  underground  galleries.  In  the  superficial  layer, 

however,  the  case  is  different;  air  is  always  present  in  appreciable  pro- 
portions in  the  less  compact  parts  where  plants  push  their  roots  and 

seek  their  nutriment;  and  in  the  deepest  shafts,  caverns,  caves,  and 
other  natural  or  artificial  excavations  of  the  soil,  air  exists.  It  should 
not  be  expected  to  find  there  as  pure  a  gas  as  that  which  surrounds  the 
exterior  of  the  planet.  In  the  soil  many  slow  but  continuous  chemical 
reactions  are  going  on  between  the  air  and  the  solid  constituents,  and 
the  result  is  an  alteration  of  both  sets  of  elements ;  some  chemicals  of 
the  earth  and  rocks  are  transformed,  and  while  the  air  loses  some  part 
of  its  constituents  new  elements  are  added  to  it,  and  thus  its  normal 
composition  is  soon  altered.  This  is  the  reason  why  great  care  should 

always  be  exercised  to  ascertain  the  condition  of  air  in  all  deep  cavi- 
ties, and  even  in  normal  excavations  if  they  are  rather  secluded.  The 

air  may  have  been  so  much  altered  in  its  composition  as  to  have  be- 
come unfit  for  the  maintenance  of  life,  and  cases  are  on  record  where 

it  consisted  almost  entirely  of  carbonic  acid.  Among  the  investigators 
who  have  specially  concerned  themselves  with  the  chemical  composi- 

tion of  "ground"  air,  Boussingault  has  obtained  interesting  results, 
showing  that  while  1  cubic  meter  of  normal  atmosi^here  contains 
about  4  deciliters  (or  0.21G  gram)  of  carbon,  1  cubic  meter  of  ground 
air  contains  9  liters  (or  nearly  5  grams),  which  is  twenty-two  or  twenty- 
three  times  more.  In  recently  manured  soil  the  proportion  is  much 

more  considerable,  and  the  amount  of  carbonic  acid  may  be  twenty- 
four  times  as  great  as  in  atmosi)lieric  air.     This  considerable  amount 
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of  carbonic  acid  in  ground  air  fully  explains  a  number  of  accidents, 
inasmuch  as  while  the  proportion  of  this  gas  is  considerably  increased 
that  of  oxygen  is  greatly  diminished. 

Air  i)enetrates  to  a  great  depth  in  water,  whether  fresh  or  salt.  This 
is  shown  by  the  number  of  living  forms  found,  not  only  at  the  surface 
or  in  its  neighborhood,  but  at  the  greatest  depths  to  which  man  has 
yet  been  able  to  lower  his  nets,  dredges,  and  sounding  apparatus. 
Since  living  organisms  exist  in  the  depths  of  the  ocean,  and  since 
they  are  physiologically,  in  their  most  important  features,  constructed 

on  the  same  principles  as  those  which  live  near  the  surface,  it  is  obvi- 
ous that  in  the  waters  of  the  deep,  air  must  be  dissolved  of  which  they 

take  advantage  for  their  respiratory  functions.  Direct  and  precise 
observation  fully  confirms  this  inductive  reasoning.  Many  instruments 
have  been  devised  for  the  purpose  of  obtaining  water  from  different 
depths.  One  of  the  first  was  the  bottle,  which  was  used  by  the  Kiel 
committee.  This  bottle,  firmly  stopped  and  empty,  was  lowered  to  the 
required  depth,  and  a  sudden  pull  was  enough  to  cause  it  to  open,  the 

surrounding  water  filling  it  in  a  few  seconds.  Many  similar  imple- 
ments have  been  since  invented  by  Bun  sen,  Meyer,  Mill,  Buchanan 

{Challenger)^  Ellman,  Sigsbee  (Blalie),  Eichard,  Yillegente,  and  Paul 
Eegnard.  The  description  of  these  instruments  is  given  at  length  in 

many  works — for  instance,  in  T.  Thoulet's  Oceanographie  (Yol.  I),  Paris, 
1890,  and  P.  Regnard's  La  vie  dans  les  eaux,  Paris,  1891 — where  the 
reader  who  desires  full  information  on  the  matter  may  find  it,  and  it 

will  saf&ce  for  our  purpose  to  give  a  general  summarj^  of  the  results 
obtained,  without  detailing  the  methods  by  which  water  is  brought  to 
the  surface  from  different  depths,  or  those,  familiar  to  all,  by  which 
the  gases  contained  in  water  are  extracted  and  submitted  to  chemical 

analysis.  In  short,  the  results  of  these  exi)eriments  fully  and  com- 
pletely confirm  the  opinion  above  expressed,  that  even  at  the  greatest 

depths  water  does  contain  air;  that  the  atmosphere  extends  down  to 
the  nearly  unfathomable  abysses  of  the  ocean. 

As  to  rivers  and  lakes,  or  other  shallow  waters,  the  demonstration  is 
most  easy.  Their  water  contains  oxygen,  nitrogen,  and  carbonic  acid. 
But  it  is  a  noteworthy  fact  that  these  gases  are  not  to  be  found  in  the 
proportions  in  which  they  exist  in  the  atmosphere.  Strictly  speaking, 
one  can  not  say  that  there  is  any  air  in  water.  What  we  find  are  the 
elements  of  air,  the  latter  being  all  present,  but  their  proportions 
being  different  from  those  in  the  normal  atmosphere.  For  instance,  1 
liter  of  river  water  contains  from  4  to  8  cubic  centimeters  of  oxygen; 
from  12  to  18  cubic  centimeters  of  nitrogen,  and  from  2  to  20  or  25  cubic 
centimeters  of  carbonic  acid.  These  proportions  differ  greatly  from 
those  which  these  three  constituents  have  in  normal  air,  and  it  must  be 
noted  that  the  variations  are  different  in  different  rivers  or  even  in 

the  same  river  when  examined  in  different  places.  Take  the  Seine 

River,  for  instance.     Each  liter  of  water  contains  32.1  cubic  centimeters 
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of  gas,  of  wbicli  3.9  are  oxygeu,  12  nitrogen,  and  li?.2  are  carbonic  acid. 
Take  tlie  Ebone  Eiver,  on  the  other  band,  and  you  find  34.S  cubic  centi- 

meters of  gas,  of  which  8.4  are  oxygen,  18.4  nitrogen,  and  8  carbonic  acid. 
These  differences  are  less  surprising  after  reflection.  Each  river  may 
and  does  differ  in  chemical  constitution  from  other  rivers,  and  even 
from  itself,  at  different  times  and  places,  because  of  the  difference  in 
the  nature  and  quantity  of  the  chemical  operations  going  on  in  the 
water.  The  chemical  composition  of  the  banks  varies,  and  the  activity 
of  living  organisms  within  the  waters  also  varies.  Such  differences 

must  exert  theii*  influence  upon  the  chemical  composition  of  the  latter, 
and  we  have  abundant  i^roof  that  they  do  so.  If  the  water  of  the  same 
river,  taken  at  different  places  at  the  same  moment,  is  tested  chemically, 
differences  are  observed  which  are  sometimes  considerable.  For  in- 

stance, the  Thames,  above  London,  contains  7.4  oxygen,  at  Hammer- 
smith 4.7,  at  Somerset  'House  1.5,  at  Woolwich  0.25.  Whence  arise 

these  considerable  variations'?  They  are  easily  explained  by  the  fact 
that  the  river  receives  a  large  quantity  of  organic  debris,  vegetables, 
dead  animals,  and  a  large  number  of  dead  or  dying  substances  or 
organisms;  the  debris  combines  with  oxygen,  and  thus  the  amount  of 
this  gas  is  greatly  diminished.  The  consequence  is  that  the  fish  often 
perish  through  asphyxia,  the  amount  of  oxygen  being  inadequate.  The 
same  occurs  in  Paris.  After  its  passage  through  the  city,  the  Seine 
is  generally  quite  unfit  to  support  the  life  of  most  aquatic  animals. 
Many  species  are  not  to  be  seen  in  the  river  at  Paris,  nor  below  it  for 
some  distance,  although  found  above,  where  the  water  is  sufficiently 
pure  and  aerated,  and  some  10  or  20  miles  below,  where  aeration  has 
been  sufficient  to  make  up  for  the  loss,  the  water  having  absorbed 
enough  fresh  oxygen  from  the  atmosphere. 

So  much  for  one  series  of  differences  in  aeration.  But  another  series 

exists  which  is  even  of  greater  interest.  The  aeration  of  waters,  or 
the  absorption  of  gases  by  water,  varies  according  to  general  external 

conditions,  among  which  temperature  and  pressure  rank  highest — not 
only  general  pressure,  but,  so  to  speak,  individual  pressure,  or,  to  put 
it  in  other  terms,  the  proportion  of  any  given  gas  in  a  mixture.  Under 
identical  conditions,  each  gas,  moreover,  has  its  own  special  coefficient 
of  solubility.  While  nitrogen  is  feebly  soluble,  ammonia  is  highly  so. 
This  fact  helps  us  to  understand  why  it  is  that  the  gases  which 
spontaneously  dissolve  in  water  in  contact  with  the  atmosj^here  do  not, 
when  extracted  from  the  water,  yield  a  mixture  even  distantly  compa- 

rable to  air;  how  it  is  that  the  elements  of  air  are  not  found  in  water 

under  the  proportions  they  bear  to  each  other  in  the  atmosphere. 
While  water  contains  the  constituents  of  air,  it  contains  such  propor- 

tions of  these  constituents  as  are  peculiar  to  it.  However,  the  latter 
are  provided  in  sufficient  quantity,  and  normal  river  water  is  quite 
adequate  to  maintain  the  life  of  aquatic  animals.  This  applies  to  fresh 
waters  generally,  for  ponds  and  lakes  have  the  same  conditions  as 
rivers. 
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Some  special  points  are  to  be  noted  concerning  salt  water.  Of  course 
tlie  constituents  of  atmospheric  air  are  met  with  in  Sea  water.  But, 

generally  speaking,  the  variations  in  the  proportions  of  these  constit- 
uents are  less  numerous  and  of  less  importance.  The  seas,  generally 

considered,  make  up  a  more  homogeneous  whole  than  any  river  of  large 
dimeusions.  Between  the  south  Atlantic  and  the  north  Atlantic  less 

differences  are  to  be  expected,  and  less  found,  than  in  the  Thames  or 
the  Seine,  below  and  above  London  or  Paris.  A  priori  it  is  obvious  that 
there  are  less  causes  of  difference  in  aeration  in  the  two  parts  of  the 
Atlantic  than  there  are  in  any  of  the  two  rivers  in  two  points  not  10 
miles  apart.  It  is  quite  obvious  also  that  local  differences,  such  as 
exist  at  the  mouth  of  a  great  river  that  has  just  i^assed  through  a 
large  town,  as  is  the  case  with  the  Hudson,  the  Thames,  or  the  Gironde, 
must  be  very  soon  dissipated  in  the  enormous  mass  of  the  ocean 

through  the  agenc}^  of  tides,  currents,  and  wdnds.  Upon  the  whole, 
generally  speaking,  none  of  those  local  differences  are  of  any  real 
importance.  There  are,  however,  differences  which  should  be  noticed, 
but  their  causes  are  quite  different  from  those  which  obtain  in  the  pre- 

ceding case.  The  most  important  are  observed  when  we  compare  speci- 
mens of  water  obtained  from  different  depths.  Carpenter  noticed  the 

fact  and  comparing  specimens  of  water  obtained  in  the  same  vertical 
line,  at  depths  of  750,  800,  and  862  fathoms,  he  observed  the  following 
composition  of  the  air  extracted : 

750  fathoms.    800  fathoms.    862  fathoms. 

Oxygen   

Xitrogen   
Carbonic  acid   -   

18.8  17.8                      17,2 

49. 3                    4S.  5                      34. 5 

31. 9  33. 7                      48. 3 

While  the  proportion  of  oxygen  decreases  with  increasing  depth,  that 
of  carbonic  acid  increases  in  a  marked  manner.  No  very  satifactory 
explanation  of  this  fact  has  been  yet  provided. 
We  have  now  sufficiently  dwelt  upon  this  topic,  and  none  will  doubt 

that  air — that  is,  the  constituents  of  air,  to  put  it  in  exact  terms — inti- 
mately mingles  with  the  waters  that  cover  three-fourths  of  our  planet. 

While  waters  do  not  contain  atmospheric  air  as  such,  and  while  the 
gases  dissolved  in  them  do  not  make  up  normal  air,  they  contain  the 
elements  of  the  latter,  and  the  proportions  are  sufficient  to  maintain 
aquatic  life.  We  may  consider  that  these  elements  are  found  in  water, 
even  at  the  most  considerable  depths,  although  we  have  no  positive 
IDroof  of  it. 

Now,  it  is  quite  clear  that  since  the  mass  of  the  waters  contains 

organisms  that  breathe  and  live,  and  since  life  goes  on  notwithstand- 
ing the  unceasing  production  of  carbonic  acid  and  the  destruction  of 

oxygen,  both  necessary  consequences  of  their  life  and  respiration,  there 
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must  exist  some  unceasing  agency  by  means  of  which  new  oxygen  is 
added  and  carbonic  acid  carried  away.  Otherwise  aquatic  life  would 
soon  cease.  In  other  terms,  there  must  exist  a  perpetual  exchange 
between  the  gases  dissolved  in  the  waters  and  those  which  make  up 
the  atmosphere,  just  as  there  goes  on  a  perpetual  exchange  between 

the  air  of  any  place  where  the  atmosphere  is  vitiated — a  town,  a  manu- 
factory, a  room — and  the  air  of  the  streets  or  surrounding  country. 

And  the  exchanges  which  go  on  between  air  and  water,  and  between  the 
general  atmosphere  and  those  multitudinous  centers,  great  or  small, 
where  the  normal  proportions  of  the  gases  of  air  are  being  constantly 
altered,  must  indeed  be  most  nicely  adjusted,  since  by  no  method  have 
we  yet  been  able  to  detect  any  alteration  in  the  composition  of  the 
atmosphere.  The  equilibrium  must  be  unceasingly  maintained.  That 

equilibrium  is  a  very  interesting  matter.  Interesting  in  two  senses — 
practically,  since  life  depends  upon  it,  and  from  the  scientific  point  of 
view,  as  it  is  the  consequence  of  a  general  established  law. 

How,  then,  is  that  exchange  effected  between  air  and  water,  without 
which  life  would  soon  extinguish  all  life,  without  which  the  living 
organisms  of  water  would  soon  render  life  impossible  to  themselves  and 

to  their  congeners?  By  means  of  what  may  be  termed  "the  breathing 
of  the  waters."  The  waters  breathe — that  is,  expire  obnoxious  gases 
and  inspire  those  that  are  useful  5  they  expel  carbonic  acid  and  collect 
oxygen.  Diffusion  is  the  main  agency  of  this  grand  function  of  waters, 
and  it  is  enough  that  both  air  and  water  be  in  presence  and  contact  to 
insure  the  operation.  But  diffusion  is  not  alone  at  work;  another 
agency  cooperates.  It  does  not  at  first  seem  that  dust  would  have 
any  influence,  and  few  would  suppose  that  it  plays  any  part  here.  It 
does,  however,  and  the  enormous  quantity  of  it  which,  imperceptibly  in 
most  cases,  is  carried  from  the  land  over  the  seas,  where  it  falls  and 

slowly  sinks  to  settle  at  the  bottom  as  a  soft  red  or  gray  mud — the  first 
stage  of  new  strata  of  rocks — is  a  great  help  toward  the  respiration  of 
the  seas.  As  J.  Thoulet  has  shown,  every  particle,  however  small  and 
minute,  carries  some  air  which  adheres  to  it  and  does  not  escape  when 
submerged:  this  air  slowly  dissolves  in  the  surrounding  water.  The 
experimental  proof  is  easy.  Bring  some  water  to  the  boiling  point,  in 
order  to  expel  the  gases  dissolved  in  it,  and  then  add  some  potash  and 
pyrogallic  acid.  This  mixture  turns  black  when  in  presence  of  oxygen 

by  reason  of  the  action  of  the  latter  on  the  acid.  Under  ordinary  con- 
ditions, the  experiment  being  thus  prepared,  what  one  witnesses  is 

this:  The  surface  of  the  water  blackens  and  the  black  color  extends 

slowly  toward  the  bottom,  according  to  the  ratio  of  diffusion  of  atmos- 
pheric oxygen  in  the  mixture.  The  rapidity,  or  rather  slowness,  of  the 

change  of  color  is  the  measure  of  the  slowness  of  difl'usion.  Now,  throw 
some  fine  dust  into  the  vessel  containing  the  water  so  prepared.  What 
happens  then  is  that  each  grain  or  particle,  while  falling  through  the 
liquid,  leaves  behind  it  a  black  line  which  marks  its  path  exactly,  and 
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there  are  as  many  vertical  streaks  in  the  colorless  solntion  as  there 

were  particles  of  dust  thrown  into  it.  Each  j)article's  atmosphere  of 
air  acts  npon  the  pyrogallic  acid,  and  instantly  causes  the  change  of 

color.  The  experiment  is  a  verj^  elegant  one,  and  provides  a  very  con- 
vincing demonstration,  and  when  one  thinks  of  the  number  of  dust 

particles  (either  of  terrestrial  origin  or  coming  from  the  interplanetary 

spaces  under  the  form  of  microscopical  meteorites)  which  uninterrupt- 
edly pour  down  on  the  oceans  like  some  paradoxical  dry  rain,  it  is 

conceivable  that  the  importance  of  these  infinitesimal  particles  to  all 
aquatic  organisms  is  great.  From  this  poiut  of  view,  a  catastrophe 
like  that  of  Krakatoa  becomes  a  blessing,  and  each  volcanic  outbreak 
with  its  concomitant  cloud  of  dust  and  cinders,  which  often  spreads 
over  hundreds  of  square  miles,  and  gives  forth  a  soft  slow  rain  of  solid 
particles  which  fall  through  the  air  to  the  Avater  and  thence  to  the 
underlying  abysses,  is  doubtless  a  benefit  to  aquatic  organisms.  It 

may  seem  absurd  to  speak  of  the  beneficial  influence  of  volcanic  catas- 
trophes upon  the  denizens  of  the  ocean;  the  fact  is  nevertheless  incon- 

testable. iS^ature  abounds  in  such  curious  and  unexpected  interactions. 
Most  of  these,  as  yet,  escape  us,  but  some  now  and  then  become  apparent, 
and  go  to  show  how  difficult  and  complex  is  the  study  of  life  or  biology, 
in  its  real  sense,  and  how  essential  is  the  knowledge  of  circumstances 
and  surroundings. 

The  experiment  which  has  just  been  referred  to  suggested  to  Paul 

Eegnard  the  means  of  measuring,  so  to  speak,  the  rapidity  of  the  ocean's 
respiration,  the  rapidity  of  diffusion  of  the  aerial  gases  in  water,  and 
especially  that  of  oxygen,  which  is  the  most  important  for  organisms. 
The  method  is  very  simple.  All  that  is  required  is  a  large  glass  tube, 
some  3  yards  long,  closed  at  the  lower  end,  placed  vertically,  and  filled 

with  water  holding  Coupler  blue  in  solution,  saturated  with  hydrosul- 
phide  of  soda.  This  solution,  a  pale  yellow  in  color,  turns  blue  under 
the  influence  of  oxygen.  The  tube  thus  filled  is  left  to  itself  and  each 
day  an  observation  is  made  of  the  point  to  which  the  blue  layer  has 

extended.  The  first  daj^  the  mere  surface  only  is  blue,  but  by  degrees 
the  underlying  strata  also  turn  blue,  according  to  the  rapidity  with 

which  atmospheric  oxygen  diffuses  and  is  absorbed.  Under  such  cir- 
cumstances, P. Eegnard  noted  that  in  the  course  of  three  months  oxygen 

diffused  no  farther  than  about  a  yard  from  the  surface,  and  the  rate  of 
propagation  is  hardly  a  centimeter  per  day.  If  such  is  the  normal 

ratio,  air  penetrates  water  at  the  rate  of  4  meters  per  year,  and  if,  ''at 
the  beginning" — of  which  so  much  is  said,  and  so  little  known  or  know- 
able — the  sea  was  entirely  devoid  of  oxygen,  no  less  than  a  thousand 
years  were  required  to  allow  atmospheric  oxygen  to  penetrate  to  the 
depth  of  4,000  meters,  a  depth  which  we  all  know  is  not  uncommon  in 
the  ocean. 

It  is  thus  seen  that  the  respiration  of  waters  is  very  slow — at  least  it 
is  very  slow  so  far  as  diffusion  alone  is  concerned.     But,  as  already 
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noticed,  diffusion  is  not  the  sole  agency,  and  it  is  quite  clear  that  the 

white  crested  wav-es,  all  foam  and  sparkling  with  air  bubbles,  that  the 
winds,  the  currents,  the  tides,  and  lastly  the  dust  particles  have  done 

and  are  doing  much  to  hasten  the  process,  and  accelerate  the  execu- 
tion of  the  great  respiratory  function  of  the  deep.  No  method,  unfortu- 

nately, has  yet  been  devised  for  measuring  the  rapidity  of  this  process; 
and  before  it  can  be  done,  some  manner  by  which  the  approximate 
number  of  dust  particles  falling  into  the  seas  can  be  ascertained  should 
of  course  be  discovered.     The  x)roblem  is  a  difficult  one,  truly. 

II. — Air  from  the  Chemical  Point  of  View. 

Considered  by  the  ancients,  and  even  by  modern  philosophers  till 
a  very  recent  period,  as  one  of  the  four  initial  elements  (earth,  air, 
water,  and  lire),  air  was  unable  to  keep  this  position  after  the  biith  of 
modern  chemistry.  Like  most  other  substances  it  has  had  to  reduce 
considerably  its  pretensions.  They  were  of  no  avail  in  presence  of 
the  methods  of  chemistry.  Instead  of  beiug,  as  foruierly  supposed,  an 
element,  a  homogeneous  matter  out  of  which  no  known  method  of 
reduction  can  obtain  two  or  more  differing  substances,  air  has  shown 

itself  to  be  nothing  more  than  a  mixture  of  different  elements.  A  mix- 
ture, a  mechanical  mixture;  not  a  compound.  Air  is  not  like  water,  in 

which  two  gases,  oxygen  and  hydrogen,  are  combined  and  make  up  a 
third  body  exceedingly  different  in  properties  from  those  out  of  which 
it  is  made,  nor  like  the  enormous  number  of  compounds  known  to 
chemistry  in  which  two  or  more  elementary  substances  are  combined 

in  definite  proportions  and  form  new  substances  more  or  less  pecul- 
iar, but  invariable,  and  possessing  properties  which  neither  of  the 

elements  jiossesses;  it  is  a  mixture  only.  This  may  be  demonstrated 
in  various  ways.  When  nitrogen  and  oxygen,  the  fundamental  elements 
of  the  air,  are  mixed  together,  no  heat  is  evolved,  no  heat  is  absorbed, 
as  is  the  case  in  the  preparation  of  most  compounds.  Again,  the 
refringency  of  air  is  equal  to  the  mean  of  the  refringency  of  oxygen 
and  nitrogen  when  experimentally  mixed  in  the  proportions  in  which 
they  occur  in  the  atmosphere;  and  the  ratio  of  oxygen  to  nitrogen  is 
not  a  simple  one;  lastly,  when  in  presence  of  air,  water  dissolves  differ- 

ent proportions  of  the  different  constituents  of  the  former;  it  dissolves 
each  gas  according  to  its  own  proper  coefficient  of  solubility. 

These  four  i)roofs  are  considered  as  more  than  sufficient  to  show  that 

air  is  a  mixture,  not  a  compound.  It  may  be  added,  moreover,  that 
while  the  composition  of  the  atmosphere  is  fairly  uniform  as  a  whole, 
it  is  not  absolutely  so;  the  one  or  the  other  constituent  is  more  or  less 
abundant  according  to  circumstances.  No  chemical  compound  offers 
such  variability  in  composition;  its  constituents  are  constant,  always 
the  same,  and  in  the  same  ratios,  while  in  a  mixture  every  variation  is 
possible,  and  may  be  expected. 
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And  now,  what  are  the  constituents  of  this  mixture?  Our  knowl- 
edge of  these  elements,  as  well  as  that  of  air  itself,  considered  as  a 

whole,  IS  of  recent  date.  While  it  would  require  more  space  than  we 
can  spare  to  give  a  full  historical  account  of  the  chemistry  of  air,  the 
l)rincipal  facts  may  be  briefly  summarized. 

As  has  been  previously  stated,  a  French  physician,  Jean  Key,  was 
the  iirst  who  proved  the  materiality  of  air,  and  his  experiment  was 
repeated  and  confirmed  by  Gralileo  in  1640,  and  by  Otto  von  Guericke 
in  1650.  Jean  Mayow,  in  1669,  was  the  first  to  prove  that  air  is  not  an 
element,  a  homogeneous  substance.  He  suspected  the  fact  that  air 

contains  two  different  gases,  of  which  the  one,  which  he  called  "nitro- 

aerial,''  maintains  combustion  or  fire  and  respiration,  while  the  other 
does  nothing  of  the  sort.  In  short,  he  suspected  the  presence  of  the 
two  different  gases  which  are  now  named  oxygen  and  nitrogen.  Had 
he  lived  longer,  Mayow  might  have  discovered  the  facts  which  are  the 

basis  of  Lavoisier's  fame. 
In  1771  Priestly^  made  a  great  step  in  the  right  direction  when  he 

succeeded  in  obtaining  the  separation  of  the  two  i^rincipal  gases  which 

make  up  air,  and  on  the  same  date  Scheele^  did  the  same,  going  some- 
what further,  as  he  discovered  the  ratio  of  what  he  called  ''dephlo- 

gisticated  air"  (or  oxygen)  to  ̂ 'phlogisticated  air"  (or  nitrogen).  Both, 
however,  fell  into  the  same  error.  Both  considered  the  two  gases  as 
identical,  but  possessing  different  properties.  Xo  doubt  the  properties 
are  different,  but  the  differences  are  inherent  to  the  gases  themselves  j 
the  one  is  not  a  form  of  the  other  and  can  not  be  transformed  into  the 

other,  and  the  differences  are  much  more  numerous  than  these  two 
pioneers  of  chemistry  i^erceived. 

To  Lavoisier  was  reserved  the  honor  of  providing  precise  and  unas- 
sailable knowledge  concerning  the  nature  and  comj)Osition  of  air.  To 

prove  that  air,  as  already  demonstrated,  is  nmde  up  of  two  elements, 
the  one  adequate  the  other  inadequate  to  maintain  combustion  and 
respiration,  was  no  difficult  task.  But  he  went  farther  on  his  road  by 
means  of  the  following  experiment,  one  that  is  fundamental  in  the 
history  of  chemistry:  He  placed  a  known  amount  of  mercury,  carefully 
weighed,  in  a  retort  whose  long  curved  neck  opened  into  an  inverted 
glass  tube  placed  on  a  mercury  trough.  By  means  of  a  curved  pipette 
he  sucked  out  part  of  the  air  in  the  tube,  and  consequently  the  mercury 
rose  within  it  to  some  height.  The  point  to  which  the  mercury  rose 

was  carefully  marked,  and  then  the  retort  was  submitted  to  the  influ- 
ence of  heat.  The  temi^erature  was  360°  C,  and  on  the  second  day 

he  perceived  that  small  red  pellicles  were  forming  at  the  surface  of  the 
mercury.  During  a  week,  the  heating  being  continued,  the  i)ellicles 
kept  forming,  and  then  no  more  appeared.  He  kept  up  his  fire  during 
four  days  more  and  tlien  ]3ut  it  out.     When  the  apparatus  was  cooled 

iBorn  in  England  in  1733;  died  in  Pennsylvania,  1804. 
^Born  in  Sweden  in  1742;  died  1786. 
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down,  lie  saw  that  in  the  glass  tube  the  mercury  rose  higher  than 
before  the  experiment,  and  he  observed  that  the  remaining  gas  was 
unable  to  maintain  respiration  and  combustion.  In  it  small  animals 
died  and  a  light  went  out.  He  then  collected  the  red  pellicles,  weighed 
them,  x)ut  them  in  a  retort  whose  neck  opened  under  a  glass  tube 

filled  with  mercury,  and  heated  the  retort  to  400°  G.  The  pellicles 
melted  away;  they  yielded  a  certain  amount  of  mercury  which  was 
deposited  in  the  neck  of  the  retort,  while  in  the  glass  tube  some  cubic 
inches  of  a  peculiar  gas  had  accumulated  at  the  top.  The  volume  of 

this  gas  corresponded  exactly  with  the  volume  of  air  which  had  dis- 
appeared in  the  preceding  experiment,  and  this  gas  was  fully  able  to 

maintain  combustion. 

Thus  was  performed  the  first  analysis  of  air,  and  Lavoisier  came  to 

the  conclusion  that  that  fluid  contains  two  gases — one  which  forms 
one  sixth  of  the  whole  volume  and  is  favorable  to  combustion  and 

respiration,  while  the  other,  amounting  to  five-sixths  of  the  whole 
volume,  is  favorable  to  neither.  The  first  was  oxygen;  the  last  azote, 

or  nitrogen.^ 
It  is  now  more  than  a  century  since  these  facts  were  discovered,  and 

became  the  corner  stones  of  modern  chemistry.  Ui)  to  that  time  it  was 
mere  emx^irical  alchemy,  and  a  fabric  of  erroneous  notions.  A  number 
of  methods,  much  suijerior  as  far  as  precision  is  concerned,  have  been 
devised  for  the  purpose  of  air  analysis,  and  of  gas  analysis  generally. 

The  eudiometric  method,  propounded  by  Gay-Lussac  and  Humboldt, 
is  one  of  the  best  known.  It  is  based  upon  the  fact  that  if  hydro- 

gen is  added  to  air,  and  the  electric  spark  passed  through  the  mix- 
ture, the  oxygen  of  the  air  and  the  hydrogen  added  to  the  mixture 

combine  in  definite  and  constant  ratio  and  form  water.  A  very  simple 
calculation  gives  the  amount  of  oxygen  contained  in  the  mixture.  The 
weighing  method  of  J.  B.  Dumas  and  Boussingault,  invented  in  1841, 
is  quite  different.  It  is  based  upon  the  fact  that  when  air,  deprived 
of  aqueous  vapor  and  carbon  dioxide,  is  made  to  pass  through  a  tube 
containing  metallic  copper  reduced  by  means  of  hydrogen,  and  heated 
to  redness,  it  yields  its  oxygen  to  the  copper,  and  if  the  copper  is 
Aveighed  before  and  after,  the  amount  or  weight  of  oxygen  contained  in 

the  volume  of  air  experimented  upon  is  at  once  known.  If  the  remain- 
der of  the  gas,  that  portion  which  has  not  combined  with  the  copper, 

be  collected  in  an  empty  receiver  weighed  before  and  after  the  experi- 
ment, the  increase  in  weight  of  the  receiver  shows  the  quantity  of 

nitrogen  contained  in  the  original  volume  of  air.  -Twenty  other  meth- 
ods, more  or  less  similar  to  the  preceding  one,  have  been  devised  by 

Brunner,  Eegnault  and  Eeiset,  Doyere,  Bunsen,  Williamson,  Eussell, 

^  These  names  were  given  by  Lavoisier.     Oxygen  is  derived  from  Oqv'i,  acid,  and 
yEvvdco,  to  i)roduce,  because  one  of  the  properties  of  oxygen  is  to  form  acids  when 

combined  with  many  other  substances.     Azote  is  derived  from  privative  a  and  ̂ goi'j, 
fife,  because  azote  is  not  suitable  for  living  animals,  and  can  not  maintain  life. 

229a   2 
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etc.,  but  tLis  is  not  the  place  to  describe  them,  and  all  text-books  of 
chemistry  give  a  full  account  of  them. 

It  is  enough  for  our  purpose  to  know  that  it  is  fully  established  that 
atmospheric  air  is  a  mixture;  that  tliis  mixture  is  principally  made  up 
of  oxygen  and  nitrogen,  and  that  we  are  provided  with  methods  and 
implements  by  means  of  which  air  may  be  analyzed,  and  the  least 

traces  of  its  constituent  elements  detected.^ 
These  elements  are  numerous,  but  they  differ  greatly  in  importance. 
Fundamentally,  air  comprises  20.81  volumes  of  oxygen,  79.19  volumes 

of  nitrogen,  and  some  ten-thousandths  of  carbon  dioxide.  In  some 
localities  or  under  certain  circumstances  a  few  other  ̂   gases  may  also 
be  found  in  air,  in  very  small  quantities. 
We  must  now  consider  in  turn  each  of  these  elements. 

Oxygen  comes  first.  Kot  that  it  is  present  in  the  greatest  abundance, 
but  from  many  points  of  view  it  is  a  most  important  part  of  the 
atmosphere. 

This  gas  is  heavier  than  air  as  a  whole  (while  nitrogen  is  lighter), 
and  in  1,000  liters  of  air  there  are  208  liters  of  oxygen  against  792  of 

nitrogen.  This  ratio  seems  to  be  constant,  although  Dal  ton  and  Babi- 
net,  arguing  theoreticallj^,  supposed  that  oxygen  is  less  abundant  in 
the  air  at  high  altitudes,  and  that  the  proportion  of  this  gas  decreases 

as  the  distance  from  the  sea  level  is  increased — oxygen  being  rather 
more  abundant  in  low  regions,  and  near  the  surface.  Of  course,  if  such 
were  the  case,  the  reverse  would  obtain  for  nitrogen.  This  gas  should 

be  more  abundant  at  high  levels,  and  less  near  the  sea  level.  Accord- 
ing to  the  views  of  Dalton  and  Babinet,  at  10,000  meters  above  the  sea 

level,  1,000  liters  of  air  should  contain  only  184  liters  of  oxygen  against 
816  of  nitrogen.     These  speculations  may  be  interesting,  but  as  they 

^In  view  of  recent  facts  tliis  is  too  positive  a  sentence.  Great  was  the  surprise  of 
the  chemists  when  they  heard  that  Lord  Rayleigh  and  Professor  Eamsayhad  discov- 

ered a  new  element  in  atmospheric  air.  This  should  inspire  them  with  some  caution, 
and  induce  them  not  to  put  so  much  faith  in  the  infallibility  of  their  methods. 
More  of  this  hereafter.     [Note  added  to  proofs  in  1896] . 

2 To  the  normal  constituents  of  atmosphere  one  remains  to  be  added,  and  that  is 
argon,  discovered  in  the  year  1894  by  Lord  Eayleigh  and  Professor  Ramsay,  to 
whom,  on  this  account,  the  $10,000  Thomas  Hodgkius  prize  has  been  most  deservedly 
awarded. 

Argon,  thus  called  because  it  seemed  to  be  an  inert  and  inactive  gas,  slow  to 

combine  with  other  substances,  was  certainly  contained  in  Cavendish's  test  tubes, 
but  Cavendish  considered  it  as  nitrogen,  and  thus  failed  to  add  this  substance  to 
the  list  of  chemit^al  elements.  Argon  is  present  in  the  atmosphere  in  the  proportion 
of  somewhat  less  than  1  per  cent;  M.  Th.  Schloesing  obtains  0.935  argon  for  100 
air,  in  volumes.  MM.  MacDonald  and  Kellar  have  in  vain  endeavored  to  detect 

argon  in  the  chemical  constitution  of  animals  and  plants  (mice  and  pease),  but  Mr. 

Ramsay  has  found  it  in  meteoric  iron.  Argon  liquefies  at  — 128^  under  38  atmos- 
pheres pressure,  and  freezes  at  — 189°.  It  is  not  as  inactive  as  at  first  supposed, 

as  Berthelot  has  been  able  to  combine  it  with  benzine  under  the  influence  of  the 

electric  discharge.  This  gas  does  not  seem  to  play  any  active  part  in  respiration ;  it 
is  inert  and  useless,  like  nitrogen.     [Note  added  to  proofs,  1896.] 
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are  in  direct  coutradiction  with  positive  facts  aucl  observations  we  may 

dismiss  them  as  "  children  of  fancy."  The  chemist  Thenard  analyzed 
air  collected  at  7,000  meters  height  by  Gay-Lussac,  and  found  no  trace 
of  such  difference.  Similar  observations,  due  to  Dumas  and  Boussin- 
gault,  prove  that  these  theories  are  not  sustained  by  stern  reality,  and, 
in  brief,  chemists  are  agreed  that,  as  far  as  oxygen  and  nitrogen  are 
concerned,  the  com^^osition  of  atmospheric  air  is  uniform  and  constant, 
with  very  slight  exceptions.  This  is  the  result  of  numerous  observa- 

tions made  in  different  and  distant  places,  at  different  heights,  at  dis- 
tant epochs,  and  Dumas  and  Boussingault,  who  have  devoted  much 

work  and  time  to  the  matter,  have  always  obtained  similar  ratios,  or  at 

least  ratios  so  nearly  identical  that  the  differences  are  not  more  con- 
siderable than  may  occur  in  the  best  conducted  experiments — they  keep 

within  the  limits  of  unavoidable  errors.  So  we  may  consider  air  as 
being  as  perfectly  uniform  in  composition,  as  it  might  be  expected  to 
be  in  view  of  the  circumstances. 

Now,  where  did  this  oxygen  originate'?  Whence  does  it  come?  From 
what  source  is  it  supplied?  A  complete  answer  to  this  question  can 
only  be  given  by  those  who  know  how  things  stood  in  the  beginning, 
and  who  understand  the  origin  of  matter,  force,  life,  and  some  other  of 
those  troublesome  and  perplexing  problems.  Oxygen  must  be  a  very 
anciently  established  inhabitant  of  our  jjlanet,  and  its  origin,  like  that 

of  the  ''old"  families,  is  lost  in  obscure  mystery.  At  all  events  there 
it  is,  and  wherever  it  comes  from,  howsoever  it  has  been  evolved,  one 
thing  seems  positive,  and  that  is  the  fact  that  there  are  at  present, 
as  far  as  we  know,  no  important  sources  whence  a  considerable  amount 
of  this  gas  may  be  derived  and  added  to  the  current  stock.  In  view 
of  this,  the  stability  of  its  normal  ratio  in  the  air,  notwithstanding  the 
enormous  quantity  of  it  consumed  by  living  beings  and  in  combustion, 

becomes  a  riddle  w^ell  worthy  of  some  attention. 
We  know  that  the  entire  atmosi)here  contains  over  one  million  billions 

of  kilograms  of  oxygen;  that  nearly  one-half  of  the  weight  of  the 
minerals  of  our  globe  is  oxygen;  that  eight-ninths  of  the  weight  of 
water  consists  of  this  same  gas,  which  is,  moreover,  abundantly  present 
in  the  tissues  of  all  living  organisms.  On  the  other  hand,  we  know 
at  present  of  but  one  source  of  oxygen,  discovered  by  Priestley,  and 
further  investigated  by  Perceval  and  Senebier.  I  refer  to  plants.  It 

is  a  fact  familiar  to  all  that  plants  are  endowed  with  the  faculty — 

ascribed  to  the  chlorophyll  contained  in  their  tissues^ — of  breaking  up 
carbon  dioxide  into  its  elements;  that  is  to  say,  into  carbon  which  goes 

to  the  repair  or  increase  of  the  tissues,  and  oxj^gen,  which,  on  being 
freed,  diffuses  itself  throughout  the  surrounding  atmosphere.  There 

certainly  is  one  source  of  oxygen.  Are  there  any  others'?  Their 
existence  is  doubtful.     Of  course  we  know  that  a  number  of  chemical 

iThe  fact  is  probable  but  not  certain,  for  chlorophj^ll  lias  not  yet  been  satisfactorily- 
separated  from  the  tissues  in  order  to  investigate  its  chemical  powers. 
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reactions  effect  the  liberation  of  oxygen,  water  electrolysis,  the  decom- 
position of  chlorate  of  potassium,  or  of  sulphuric  acid  under  the  influ- 

ence of  heat,  for  instance;  but  do  any  of  these  chemical  processes,  or 
any  others  similar  in  result  if  not  in  method,  occur  in  nature  on  any 
important  scale?  We  do  not  know,  but  it  seems  doubtful.  At  all  events, 
since  the  composition  of  the  atmosphere  remains  fairly  constant,  there 
must  be  some  agency  by  means  of  which  the  enormous  mass  of  oxygen 
which  is  daily,  hourly,  at  every  moment,  absorbed  in  consequence  of 
the  organic  and  inorganic  combustions  occurring  over  the  whole  globe, 
is,  sooner  or  later,  returned  to  the  atmosphere.  Plants  are  the  only 
agency  at  present  known  by  which  this  process  is  effected.  At  all 
events  they  effect  part  of  it.  But  are  they  equal  to  the  task  of  effect- 

ing the  whole?  The  question  has  not  been  yet  answered  in  quite 
satisfactory  terms.  Mr.  T.  L.  Phipson  has  recently  endeavored  to  fill 
this  gap,  and  to  show  that  plants  are  even  a  more  im^Dortant  source 
of  oxygen  than  is  commonly  admitted.  He  cultivated  a  convolvulus 

plant  in  an  artificial  atmosphere,  entirely  devoid  of  oxygen,  but  con- 
taining some  proportion  of  carbon  dioxide,  with  the  result  that  a  part 

of  the  latter  gas  disappeared,  its  place  being  taken  by  oxygen,  which 
can  only  have  been  evolved  by  the  plant.  Mr.  G.  Meyer  had  previously 

expressed  the  opinion  that  oxygen  is  thus  generated,  but  Mr.  Phipson's 
experiment  is  of  great  interest.  The  whole  matter  is  very  important, 
for,  if  the  oxygeu  contained  in  the  atmosphere  has  been  evolved  by 
plants,  one  may  ask  whether  there  has  not  been  some  time  when  the 
atmosphere  was  very  poor  in  oxygen  and  very  rich  in  carbon  dioxide, 

and  whether  some  time  may  not  arrive  when,  conversely,  the  atmos- 
phere will  be  well  provided  with  oxygen  and  very  deficient  in  carbon 

dioxide.  If  such  were  to  be  the  case,  the  equilibrium  and  homogeneity 
of  air,  as  far  as  its  composition  is  concerned,  would  be  very  unstable 
and  temporary  matters.  But  no  answer  of  a  satisfactory  character  can 
yet  be  given  to  such  questions. 

It  may  be  added  that,  according  to  less  recent  data,  1  hectare  (a 
little  over  2  acres)  of  forest  exhausts  each  year  the  atmosphere  of  some 
11,000  kilograms,  or  5,596  cubic  meters,  of  carbon  dioxide,  while  in 
return  it  yields  nearly  as  much  (5,594  cubic  meters)  oxygen.  A  field 
of  oats,  similarly,  returns  about  as  much  oxygen  as  it  absorbs  carbon 

dioxide.  Perhaps  other  agencies  are  at  work  and  make  up  for  the  enor- 
mous consumption  of  oxygen  effected  by  human,  animal,  and  plant  res- 

piration, and  by  inorganic  combustions  generally,  and  it  does  not  seem 
to  us  that  adequate  proof  has  yet  been  furnished  that  plants  alone  are 
able  to  return  to  the  atmosphere  the  oxygen  which  they,  with  all  other 
living  beings,  take  from  it.  Leaving  out  of  the  question  the  subject  of 
the  origin  of  oxygen,  it  is  very  difficult  to  ascertain  the  methods  by 
which,  notwithstanding  an  enormous  consumption,  the  ratio  of  this 
gas  remains  fairly  constant  at  the  present  time. 

While  the  proportion  of  oxygen  in  air  is   constant,   or  tolerably 
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uniform,  it  must  uot  be  forgotteu  that  certain  local  conditions  may 
tend  to  increase  or  decrease  its  normal  ratio,  ̂ or  could  it  be  other- 

wise. However  rapid  the  diffusion  of  gases,  it  is  reasonable  to  sui)pose 
that  wlieu  one  of  the  constituents  of  the  atmosphere  is  being  rapidly 

subtracted  or  added  in  great  quantities,  the  normal  ratio  in  that  vicin- 
ity must  be  more  or  less  altered.  In  a  crowded  room  where  ventilation 

is  inadequate  the  ratio  of  oxygen  decreases,  and  the  same  happens  in 

places  where  intense  combustion  is  going  on — in  mine  shafts,  where 
slow  oxidization  of  materials  is  a  nearly  constant  phenomenon.  In 
brief,  where  the  destruction  of  oxygen  is  not  compensated  by  rapid 
ventilation,  the  jjroportion  of  this  gas  to  the  remainder  of  the  air  must 
decrease.  Under  the  same  conditions,  of  course,  the  ratio  of  carbon 
dioxide  must  and  does  increase,  as  repeated  observations  have  shown. 
But  such  local  accidents,  such  limited  alterations  of  the  composition 
of  the  air,  have  no  influence  on  the  general  atmosphere;  they  are 
temporary,  very  slight,  and  therefore  rapidly  obliterated.  Even  the 
respiration  of  some  two,  tliree,  or  four  million  inhabitants,  as  in  a  large 
city,  does  not  affect  the  composition  of  the  air  of  the  streets j  and 
London,  Chicago,  or  Paris  exert  no  more  influence  on  the  surrounding 
atmosphere,  into  which  they  pour  torrents  of  carbon  dioxide,  than  any 
forest,  for  instance,  where  the  case  is  reversed,  and  where  oxygen  is 
produced  in  abundance.  Diffusion  takes  place  immediately,  and  no 
appreciable  alteration  can  be  detected,  save  in  very  limited  spaces  and 
for  a  short  period.  And  while  the  one  gas  is  being  removed  in  one 
place  it  is  being  added  in  another,  and  thns  a  compensation  is  rapidly 
effected. 

Little  need  be  said  concerning  nitrogen.  This  gas,  as  already  stated, 
was  discovered  by  Priestley,  and  Lavoisier  showed  that  it  is  one  of  the 
elements  of  air.  Its  Aveight  is  lighter  than  that  of  air  as  a  whole,  and 

in  100  liters  of  air  there  are  79  of  nitrogen.  It  neither  burns  nor  main- 
tains combustion;  it  plays  no  part  in  respiration;  it  can  not  help  to 

maintain  life.  Not  that  it  has  any  toxic  properties,  assuredly;  but  it 
is  inert,  indifferent,  inactive.  Little  is  known  concerning  its  origin. 
We  know  that  some  mineral  springs,  sulphurous  springs  particularly, 
yield  a  certain  amount  of  nitrogen,  and  the  air  ejected  from  the  lungs 
of  animals  contains  about  as  much  as  the  same  air  when  inspired.  As 
is  the  case  with  oxygen,  nitrogen  seems  to  occur  in  the  atmosphere  in 
the  same  ratio  everywhere. 

The  two  gases,  oxygen  and  nitrogen,  are  the  main  constituents  of 
air,  and  compose  the  greater  part  thereof.  They  are  the  essentials,  the 
other  components,  which  must  now  be  noticed,  occurring  only  in  very 
limited  quantities,  some  in  variable  and  small  proportions.  We  might 

almost  say  that  they  are  accessory  components,  judging  from  their  quan- 
tity, had  uot  experience  shown  that  one  of  them  at  least  plays  a  very 

important  part  in  biology,  one  no  less  essential,  in  fact,  than  that  of 
oxygen,  for  instance.  This  latter  component  is  carbonic  acid  or  carbon 
dioxide.    It  occurs  only  in  very  small  quantity,  4  or  5  liters  in  10,000 
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liters  of  air.  This  gas  is  comparatively  lieavy,  and  Priestley  was  cog- 
nizant of  the  fact  that  it  is  unable  to  support  combustion  or  respiration. 

The  proportions  in  air  are  not  uniform  and  constant;  they  vary  according 
to  circumstances  and  places  much  more  than  is  the  case  with  the  other 

gases.  As  early  as  1827  DeSaussure  discovered  very  marked  differences, 
obtaining  as  extreme  figures  3.15  and  5.74  per  10,000.  More  recently, 
Bonssingault  and  Levy,  comparing  the  proportion  of  carbonic  acid  in 
the  air  of  Paris  with  tliat  in  the  air  of  Andilly  (a  small  village  some. 
12  miles  from  Paris,  near  Montmorency),  found  also  a  notable  difference 
between  the  two,  there  being  3.19  (per  10,000)  in  Paris  and  2.99  in 

Andilly.  Again,  a  somewhat  ■  smaller  difference  has  been  noticed  by 
Eoscoe  and  McDougall  between  the  air  in  Manchester  and  that  of  the 

surrounding  country;  but  at  Clermont-Ferrand,  in  central  France, 
Truchot  found  3.15  per  10,000  and  but  2.03  at  the  top  of  the  Puy-de- 
Dome,  a  neighboring  mountain,  and  1.72  at  Pic  de  Sancy,  another  peak 
of  the  same  group. 

These  instances  are  enough,  we  presume,  to  show  that  the  ratio  of  car- 
bonic acid  to  the  total  volume  of  the  air  varies  considerably,  much  more 

than  that  of  the  two  previously  mentioned  gases,  and  that  this  com- 

ponent is  more  abundant  in  cities  than  in  the  country. ^  This  should  not 
occasion  wonder,  as  the  amount  of  carbonic  acid  varies  according  to 
various  circumstances  of  time  and  place.  For  instance,  De  Saussure 
noted  that  it  increased  during  the  night  and  during  cloudy  weather; 
its  ratio  changes  with  the  season,  from  one  year,  and  even  from  one 
month,  to  another,  irregularly,  and,  in  fact,  from  day  to  day.  Above  the 
ocean  the  variations  are  less,  and  in  mid  ocean  the  air  is  purer  than 
over  the  continents.     The  same  obtains  on  high  mountains. 

If,  instead  of  considering  the  comj^osition  of  air  collected  in  the 
streets,  in  the  country,  or  on  mountains,  we  compare  rather  that  which 
we  breathe  in  dwellings  and  in  all  confined  S])aces  where  ventilation 
is  more  or  less  deficient,  and  where  organic  aud  inorganic  combustions 
take  place,  with  that  which  obtains  in  the  open,  the  differences  are  still 
greater.  Of  course,  it  should  be  so.  We  must  not  forget  that  the  air 
which  each  one  of  us  expels  through  mouth  or  nose,  at  this  very 
moment,  contains  nearly  a  hundred  times  more  carbonic  acid  than  was 
contained  in  the  same  air  when  we  inhaled  it  a  few  seconds  ago.  This 
being  the  case,  it  is  sufficient  to  imagine  a  confined  room  where  one  or 
many  persons  are  sitting;  there  most  certainly,  provided  the  experiment 

lasts  long  enough,  we  shall  find  many  different  and  increasing  j)ropor- 
tions  of  carbonic  acid.  That  is,  we  might  were  the  experiment  not 

self-limited.    For  though,  as  Pettenkofer  has  observed,  the  0.40  or  0.50 

^In  Austria,  the  amount  of  carbonic  acid  is  about  34.3  liters  per  100  cubic  meters  of 
air;  in  Germany  it  varies  between  32  and  34;  in  tbe  desert  of  Lybia,  Von  Pettenkofer 
found  from  44  to  49.  These  are  rather  high  figures.  During  the  expedition  for  the 
observation  of  the  transit  of  Venus,  analyses  made  in  different  countries  gave  the 
following  results:  Florida,  29.2;  Mexico,  27.3;  Martinique,  28;  Haiti,  27.8;  Santa 
Cruz,  26.6.     At  Cape  Horn^  Hyades  observed  23.1  and  28.5  as  extreme  figures. 
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per  1,000,  wbicli  is  the  normal  proportion  of  carbonic  acid,  may  rise  in 
a  tolerably  well -ventilated  room  to  0.54  and  0.70,  or  to  2.4  in  an  ill- ven- 

tilated sick  room,  and  reach  to  3.2  in  a  lecture  room,  7.2  in  a  school- 
room, and  even  21  in  a  stable  in  the  Alps  where  men  and  beasts  are 

huddled  together  in  winter,  the  chinks  being  stopped  against  the  cold, 
there  occurs  a  limit  which  can  not  be  passed;  if  the  ratio  increases,  men 
and  animals  must  soon  die,  and  the  exi)eriment  is  over,  the  production 
of  carbonic  acid  having  come  to  an  end.  When  the  composition  of  the 
surrounding  atmosphere  is  the  same  as  that  of  the  air  which  each  of  us 
expires  (over  4  per  cent  carbonic  acid,  and  less  than  16  per  cent  oxygen), 
death  must  soon  result,  because  there  is  too  much  carbonic  acid  in  the 
air  to  allow  that  in  the  system  to  escape,  and  not  enough  oxygen  for 
the  needs  of  the  body.  More  will  be  said  on  this  point  later  on.  It  is 
enough  here  to  show  how  considerable  the  ratio  of  carbonic  acid  may 
become  in  confined  space,  and  how  much  greater  are  the  variations  in 
carbonic  acid  than  in  oxygen  or  nitrogen. 

The  cause  of  these  variations  is  obvious.  They  are  in  close  relation 
to  the  variations  in  the  production  of  the  gas  under  consideration,  and 
upon  this  matter  information  is  abundant. 

Carbonic  acid  is  produced  in  many  ways;  it  has  many  sources.  One 

of  them  has  been  referred  to — animals  and  mankind.  Bipeds  and 
quadrui)eds,  in  fact  all  animals,  indeed,  all  living  organisms,  are  sources 
of  carbonic  acid.  All  beings,  from  mere  yeast  cells  to  the  lords  of 
creation,  breathe;  all  or  nearly  all  take  oxygen  from  the  air  and  return 
carbonic  acid  to  it.  It  is  a  familiar  fact  that  fermentation  in  jnost 

cases — in  the  case  of  sweet  substances  particularly — is  accompanied  by 
a  considerable  production  of  carbonic  acid.  In  wine-producing  countries 
cases  of  asphyxia  often  occur  in  the  cellars  where  fermentation  is  going 

on,  owing  to  the  amount  of  carbonic  acid  produced.  All  higher  organ- 
isms, plants,  and  animals  have  the  respiratory  function,  and  one  of  the 

acts  of  respiration  is  the  elimination  of  carbonic  acid  through  the  lungs. 
This  unceasing  i^roduction  of  carbonic  acid  by  living  organisms,  whether 
plants  or  animals,  is  very  variable  in  its  activity,  even  within  the  limits 
of  the  same  species  and  of  the  same  individual.  It  is  well  known  that 
the  male  produces  more  than  the  female,  the  adult  more  than  the  very 
young  or  the  very  old  individual,  the  strong  more  than  the  weak,  etc.  It 
is  well  known,  also,  that  this  production  of  carbonic  acid  is  increased  by 

exercise,  movement,  light,  and  food,  while  it  is  decreased  by  rest,  dark- 
ness, inanition.  On  the  average  each  man  exhales  20  liters  of  this  gas 

per  hour,  and  nearly  1  kilogram  per  diem  (of  twenty-four  hours).  The 
production  is  more  considerable  in  sheep,  and  a  bull  exhales  between 
7  and  8  kilograms  during  the  same  lapse  of  time.  However,  in  order 
to  well  ai)preciate  the  ratio  of  carbon  dioxide  exhalation,  instead  of 
considering  the  whole  amount  produced  by  any  individual,  it  is  better 
to  refer  this  amount  to  the  weight  of  the  individual  animal  or  person, 
to  ascertain  the  quantity  evolved  per  kilogram  of  weight.     Viewing  the 
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matter  in  this  liglit,  we  perceive  that  birds  are  the  animals  that  give 
out  the  greatest  quantity  of  carbonic  acid.  While  1  kilogram  of  ox 

excretes  from  3  to  7  grams  of  carbon  i^er  twenty-four  hours,  1  kilogram 
of  fowl  or  turkey  excretes  20  grams  on  an  average,  I  kilogram  of  young 
chickens  oQ  grams,  and  1  kilogram  of  sparrow  nearly  (JO  grams.  These 

facts  quite  agree  with  the  exceedingh^  active  respiratory  function  of 
birds,  especially  small  birds. 

Boussingault  many  years  ago  established  the  fact  that  the  town  of 
Paris  alone,  taking  into  consideration  men  and  horses  only,  exhales 

nearly  half  a  million  cubic  meters  of  carbonic  acid  per  twenty-four 
hours  (at  present  three  quarters  of  a  million  would  be  nearer  the 
mark,  but  still  even  below  it),  and  estimating  the  whole  population  of 
the  globe  as  being  one  billion  and  a  half,  we  find  that  mankind  alone 
pours  into  the  atmosphere  one  billion  and  a  half  kilograms  of  carbonic 
acid  per  diem  (1,500,000,000  kilograms) ;  that  is  to  say,  720,000,000  cubic 
meters.  Per  annum  the  grand  total  is.  in  round  numbers,  547,500,- 
000,000  kilograms,  or  2(32,800,000,000  cubic  meters.  So  much  for  man- 

kind only.  If  we  wish  to  take  into  account  the  production  of  carbonic 
acid  by  animals,  the  difficulties  are  certainly  great,  and  we  can  only 

proceed  inferential!}^,  and  with  less  certainty.  Girardin  puts  the  pro- 
duction of  carbonic  acid  by  animals  at  something  like  double  that  of 

mankind,  if  not  treble — let  us  say  double,  which  means  1,095,000,000,000 
kilograms  per  annum.  But  there  remain  other  sources  of  carbonic  acid : 
all  plants  which,  although  decomposing  carbon  dioxide  as  part  of  their 
method  of  nutrition,  breathe  in  the  same  manner  as  animals,  and  exhale 

carbonic  acid ;  all  the  combustions  going  on  in  our  houses — tires,  lights — 
in  our  factories  and  works,  etc.  (in  Europe  alone  550,000,000  tons  of  coal 

are  burned  each  year,  which  means  80,000, 000,00'J  cubic  meters  of  carbon 
dioxide);  the  slow  but  uninterrupted  production  of  the  gas  which  is 
going  on  over  the  whole  globe  through  the  gradual  combustion  of 

decaying  vegetable  matter;  the  mineral  springs — those  of  Auvergne 
only  in  France,  giving  off,  according  to  Lecoq,  some  7,000,000,000  cubic 

meters  of  gas;  volcanoes  and  their  surroundings — Cotopaxi  alone  being 
considered  by  Boussingault  as  giving  off  more  carbonic  acid  than  a 
whole  city  like  Paris;  the  natural  sources  of  gas,  such  as  the  Grotta  del 

Cane^  near  Naples,  etc.  Under  such  circumstances,  it  is  very  difficult 
to  form  any  idea  of  the  total  amount  of  carbonic  acid  discharged  into 
the  atmosphere.  Armand  Gautier,  however,  comes  to  the  very  probable 
conclusion  that  this  amount  can  not  be  very  far  from  2,500,000,000,000 

1  Tlie  air  in  this  grotto  contains  more  than  half  its  volume  in  carbonic  acid.  lb 
derives  its  name  from  the  fact  that,  in  order  to  illustrate  the  noxious  effects  of  the 
inferior  stratum  of  air  (where  carbon  dioxide,  heavier,  accumulates),  it  is  the  custom  to 

introduce  a  dog  into  it,  which  soon  falls,  affected  by  asphyxia,  while  the  visitors,  owing 
to  their  higher  stature,  breathe  the  normal  air,  and  feel  nothing  unusual.  The  dog, 
it  must  be  added,  is  at  once  taken  out  into  pure  air,  and  soon  revives,  going  through 
the  experiment  several  times  a  day.  Its  health  is  very  good,  but  its  temper  becomes 
unpleasant  when  a  visitor  appears.     The  animal  knows  what  is  coming. 
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cubic  meters  per  anuuin,  which  means  over  5,000,000,000,000  kilograms, 

the  weight  of  the  total  atmosphere  being  5,000,000,000,000,000,000— that 
is,  one  hundred  thousand  times  greater.  At  all  events,  this  is  certainly 
below  the  mark. 

Such  being  the  enormous  rate  of  production  of  carbonic  acid,  one 
may  well  wonder  that  the  ratio  of  this  gas  in  the  total  atmosphere 
remains  as  small  as  it  is,  it  being  easy  enough  to  reckon  what  the  ratio 
would  become  in  the  course  of  ten,  twenty,  or  a  hundred  years,  if  there 

were  not  some  agency  at  work  by  means  of  which  it  is  destroyed  or  com- 
bined, and  without  which  life  would  soon  become  extinct.  That  such 

agencies  do  exist  and  are  in  operation  is  a  positive  fact,  and  though  we 
may  not  be  acquainted  with  all  of  them,  there  are  three  at  least  which 
deserve  notice.     These  agencies  are  plants,  animals,  and  oceans. 

Plants  occnpy  the  first  place ;  for,  while  producing  carbonic  acid  wliich 
they  breathe,  they  absorb  it  in  the  course  of  the  process  of  nutrition^ 
taking  its  carbon  into  their  tissues  and  yielding  its  oxygen  to  the 

atmosphere.^ 
Animals  should  be  considered  next;  not  all,  to  be  sure,  but  all  those 

which  have  a  calcareous  skeleton,  internal  or  external.  Such  are  corals, 
such  are  shellfish  generally,  and  all  aquatic  and  terrestrial  animals, 
which,  having  a  calcareous  skeleton,  must  necessarily  contain  some 
amount  of  carbonic  acid  combined  with  lime.  This  compound  seems 
to  hold  good  for  a  long  time,  and  if  there  are  cases  where  the  skeleton 
after  death  slowly  decomposes,  so  that  the  carbonic  acid  has  some 
chances  of  getting  free  again,  there  are  a  great  many  more  in  which  it 
is  preserved,  and  we  know  of  considerable  geological  strata  which  are 
nothing  else  than  enormous  accumulations  of  the  remains  of  animals  that 
died  centuries  and  hundreds  of  centuries  ago.  This  process,  by  means 
of  which  a  considerable  amount  of  carbonic  acid  becomes  fixed  and 

imj)risoned,  so  to  say,  was  exceedingly  active  in  earlier  times;  it  is  also 
very  active  at  the  present  period,  and  the  great  space  taken  up  by  coral 
reefs  in  the  mid  Pacific  and  other  oceans  is  but  a  gigantic  laboratory  of 
nature  where  carbonic  acid  is  being,  if  not  destroyed,  at  least  hoarded 
and  put  by  under  a  compact  form,  and,  for  a  time  at  least,  withdrawn 
from  the  general  circulation  of  matter.  To  appreciate  the  importance 
of  the  storing  process,  it  is  only  necessary  to  measure  the  thickness 

'A  writer  m  the  Belgique  Horticole,  Vol.  XXXV,  1885,  p.  227,  gives  the  following 
evaluation:  One  hectare  of  forest  (1  hectare  equals  2.471  acres)  produces  yearly 

3,000  kilograms  of  carbon — 1,600  kilograms  under  the  form  of  wood  and  1,100  under 
the  form  of  leaves  (weighed  dry  and  exclusive  of  other  substances).  During  one 
hundred  and  tifty  days  (on  the  average)  of  active  vegetation,  the  trees  must  draw 
from  the  atmosphere  5,596  cubic  meters  (11,000  kilograms)  of  carbon  dioxide.  In 
exchange  they  give  nearly  as  much  oxygen  (5,591  cubic  meters).  With  a  field  of 

oats  the  same  proportion  obtains — as  much  oxygen  is  given  off  as  carbonic  acid 
is  taken  in.  Thirty-two  persons  give  off  as  much  carbonic  acid  as  is  taken  in  by  1 
hectare  of  oats  or  of  forest,  and  they  burn  as  much  oxygen  as  the  said  surface  of 
field  or  forest  produces. 
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and  exteut  of  such  masses  of  organic  remains.  All  know  that  in  every 
geological  formation  calcareous  strata  of  great  thickness  are  found, 
which  are  merely  agglomerations  of  skeletons,  and  Van  Dechen  has 
endeavored  to  form  some  idea  of  the  quantity  of  carbonic  acid  which 
may  be  contained  in  such  strata.  The  result  is  very  striking.  He  comes 
to  the  conclusion  that  in  the  lime  strata  of  the  Carboniferous  epoch  alone 
there  is  an  amount  of  carbonic  acid  imprisoned  which  is  six  times  more 
considerable  than  that  at  present  contained  in  the  whole  atmosphere. 
The  i)roblem  has  been  carried  further  by  Sterry  Hunt.  Taking  this 
result  into  consideration,  and  forming  an  estimate  of  the  whole  quantity 
of  carbonic  acid  combined  with  lime  in  the  whole  geological  series,  he 
finds  that  the  amount  of  carbonic  acid  thus  imprisoned  in  the  calcareous 
rocks  would,  if  entirely  liberated,  form  an  atmosphere  two  hundred  times 
more  considerable  than  that  which  at  present  surrounds  the  planet.  In 
such  a  case  the  pressure  would  be  so  much  increased  that  the  gas  would 

necessarily  become  liquid.  The  inference  which  he  draws  (Brit.  Asso- 
ciation for  the  Adv.  of  Science,  1878)  is  that  the  enormous  amount  of 

carbonic  acid  at  present  stored  in  the  depths  of  geological  strata  has 

never  been  simultaneously,  even  for  a  short  time,  present  in  the  atmos- 
phere, but  that  it  must  have  readied  the  latter  in  suiall  quantities  and 

gradually.  Mr.  Sterry  Hunt  is  of  opinion  that  all  this  carbonic  acid 
has  come  to  our  planet  from  celestial  regions  in  the  course  of  hundreds 
of  centuries.  Whatever  may  be  thought  of  this  interpretation  as  to  the 
origin  of  the  gas,  one  fact  remains  unassailable,  and  that  is  the  enormous 

quantity  of  the  latter  stored  up  in  the  earth's  crust ;  and  if  in  the  course 
of  time  organisms  have  been  able  to  accumulate  such  a  provision  and 

are  still  operating  as  they  undoubtedly  are  under  our  very  eyes,  we  cer- 
tainly can  not  heir)  coming  to  the  conclusion  that  we  have  here  one  of 

the  most  important  agencies  by  means  of  which  the  atmosphere  is  being 
unceasingly  kept  sufiicieutly  pure  for  maintaining  life. 

Lastly,  come  the  oceans.  Few  are  aware  that  the  salt  waters  play  a 
most  interesting  and  important  part  in  the  general  regulation  of  the 
atmosphere,  and  are  one  of  the  agencies  which  hy  absorbing  carbonic 

acid  prevent  it  from  overaccumulating  in  the  air.  Mr.  Schloesing's 
remarkable  investigations  have  shown  that  the  seas  contain  a  large 
amount  of  dissolved  carbonic  acid,  a  much  larger  amount,  in  fact,  than 
is  to  be  found  in  the  whole  atmosphere.  The  equilibrium  is  preserved 
as  follows:  When  carbon  dioxide  becomes  more  abundant  than  usual  in 

air,  in  consequence  of  an  increased  production  of  this  gas,  and  no  com- 
pensatory destruction  or  withdrawal  is  effected  by  i^lants  or  animals, 

part  of  it  dissolves  in  the  salt  waters,  and  combines  with  the  insoluble 
and  neutral  carbonate  of  lime,  always  present  there,  producing  a  soluble 
bicarbonate  of  lime  which  dissolves  immediately,  and,  inversely,  if  the 

amount  of  carbonic  acid  in  the  atmosphere  decreases,  the  soluble  bicar- 
bonate is  decomposed  into  carbonic  acid,  which  is  set  free  and  diffuses 
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throughout  the  atmosphere,  and  neutral  carbonate,  which  remains  in 
the  water.  Briefly,  so  long  as  the  tension  of  carbonic  acid  in  the  waters 

and  that  of  carbonic  acid  in  the  atmosphere  is  the  same,  nothing  is  pro- 
duced, but  as  soon  as  this  equilibrium  of  tension  is  destroyed  the  sea 

restores  it  by  the  very  simple  process  just  described.  This  chemical 
adjustment  works  automatically  at  the  moment  it  is  needed,  and  to  the 

extent  and  in  the  direction  required.  It  must  be  added  that  this  equi- 
librating function  is  possible  mainly  through  the  circumstance  that 

the  ocean  contains  a  much  larger  amount  of  carbon  dioxide  than  the 
atmosphere;  according  to  Mr.  Schloesing,  about  ten  times  as  much. 
However  great,  then,  the  production  of  carbonic  acid  may  be  on  the 
surface  of  the  globe  by  all  the  agents  we  have  enumerated,  it  would 
seem  that  the  proportions  of  this  gas  in  the  atmosphere  as  a  whole 
can  vary  but  slightly,  owing  to  the  power  of  the  sea  to  absorb  it  and 
maintain  the  equilibrium. 
We  have  now  exhausted  the  list  of  the  agencies  through  which  the 

amount  of  carbon  dioxide  in  the  air  may  be  and  is  reduced  when 
necessary,  and  they  are  important  and  powerful  enough,  as  we  have 
seen,  to  be  equal  to  probable  emergencies.  Without  them  the  globe 
would  soon  become  uninhabitable.  Poggendorf,  in  fact,  has  found  that 
if  all  carbon  dioxide  produced  could  accumulate  in  the  air  the  propor- 

tion would  be  doubled  in  eighty-six  years.  A  few  centuries  would  see 
the  last  of  life  as  far  as  superior  organisms  are  concerned. 

Oxygen,  nitrogen,  carbonic  acid,  such  are  the  main  constituents  of 

air.  Those  which  follow  are  of  less  importance,  but  deserve  a  passing- 
notice. 

We  may  begin  with  ozone.  This  gas,  discovered  in  1840  by  Schoen- 
bein,  has  been  made  the  subject-matter  of  many  iuvestigations  by 
De  Marignac,  Dc  la  Rive,  Beccjuerel,  Fremy,  Andrews,  Tait,  etc. 

Ozone  is  oxygen  under  a  peculiar  form — condensed  oxygen,  so  to  say, 
oxygen  of  high  potency.  It  possesses  strong  oxidizing  properties, 
and  the  amount  which  is  found  in  the  atmosphere  varies  considerably 
according  to  circumstances  and  jDlaces.  This  amount  is  on  the  average 

of  1  milligram  per  100  cubic  meters  of  air;  3.J  milligrams  are  a  maxi- 
mum. This  gas  is  generally  wholly  absent  from  the  atmosphere  of 

cities,  and  in  the  air  which  has  passed  through  large  centers  of  popula- 
tion. Paris  otters  good  opportunities  for  illustrating  this  fact.  When 

the  wind  is  northerly,  no  ozone  is  found  in  the  air  at  the  Montsouris 
Observatory,  situated  in  the  south  of  Paris,  Avhile,  when  the  wind  is 
southerly  and  comes  over  the  country  without  having  yet  crossed  the 

town,  ozone  is  found  in  the  air.  (Generally  speaking,  then,  the  healthi- 
est part  of  all  towns  is  that  which  lies  in  the  direction  from  Avhich  the 

prevailing  wind  comes;  the  air  is  purer  and  fresher  and  contains  more 
ozone.  In  western  Europe,  where  the  prevailing  winds  are  westerly 
and  northerly,  the  northwestern  and  western  parts  are  the  most  eligible. 

The  cause  of  the  difference  in  the  amount  of  atmospheric  ozone  is 



28  AIR    AND    LIFE. 

to  be  souglit  ill  the  fact  that  cities  contain  a  much  larger  quantity  of 
oxidizable  organic  material  than  is  the  case  with  the  country  and 
small  villages,  and  the  result  is  that  more  ozone  is  absorbed  from  the 
atmosphere  over  and  around  cities  than  from  the  atmosphere  over  the 
country,  over  the  fields,  and  especially  over  the  oceans.  Generally 

speaking,  ozone  is  more  abundant  near  forests  and  the  sea;  the  atmos- 
phere in  mid  ocean  is  particularly  rich  in  it.  May  we  not  attribute  the 

cause  of  the  beneficial  effects  of  life  in  the  open  air,  of  a  residence  in 
the  country,  near  the  sea  or  in  the  mountains,  and  of  long  sea  voyages 

to  the  larger  proportions  of  this  gas  found  in  those  regions!  Schoen- 
bein  thought  so,  and  after  him  many  have  adopted  the  same  view — 
among  them  an  English  physician.  Cook,  according  to  whom  a  definite 

relationship  i^revails  in  India  between  cholera  and  other  zymotic  dis- 
eases and  the  proportion  of  ozone  in  the  air,  the  diseases  increasing 

when  ozone  decreases,  and  decreasing  when  the  latter  becomes  more 
abundant.  In  consequence  of  the  greater  abundance  of  ozone  in  the 
atmosphere  over  the  country  and  in  proximity  to  living  plants,  it  might 

seem  advisable  to  advocate  the  i)i'^sence  of  plants  in  ai)artments, 
instead  of  excluding  them  as  some  feel  inclined  to  do,  arguing  that 
plants  are  living  beings,  that  they  breathe,  and  that,  accordingly,  they 
increase  the  ratio  of  carbonic  acid.  The  view  in  favor  of  plants  has 
been  strongly  advocated  by  T.  M.  Anders  (House  Plants  as  Sanitary 
Agents,  1887,  Lippiiicott);  but  the  most  important  point  which  should 
be  established  in  relation  to  this  matter,  the  fact  that  plants  do  really 
produce  ozone,  does  not  seem  placed  on  a  satisfactory  basis.  Proof  is 
still  wanting.  And  this  brings  us  to  face  the  fact  that  very  little  is 
known  concerning  the  origin  of  ozone.  We  do  not  know  whether  any 
agencies  are  at  work  now  in  nature  evolving  ozone  to  any  important 
extent.  In  the  laboratory  ozone  may  be  produced  by  the  electric  spark, 
and  when  so  evolved  causes  the  particular  smell  perceived  in  the  vicinity 
of  electrical  machinery;  ozone  is  also  evolved  during  the  electrolysis 
of  water.  Are  we  then  to  assume  that  in  nature  ozone  is  produced  by 
thunderstorms,  those  gigantic  counterparts  of  our  electrical  discharge, 

and  under  the  influence  of  the  electric  currents  so  frequently  in  opera- 
tion in  the  atmosphere?  Many  chemists  think  so,  and  if  this  is  the 

case  it  should  be  easily  shown  that  the  ratio  of  ozone  to  air  is  in  fairly 
exact  relationship  to  the  proportion  of  thunderstorms,  or  to  their  recent 
occurrence.  Ozone  should  be  most  abundant  under  the  Tropics,  should 
decrease  in  high  latitudes,  where  thunderstorms  are  least  frequent, 
and  should  be  more  abundant  just  after  a  thunderstorm  than  before. 
But  none  of  these  points  have  been  satisfactorily  established. 

Without  attemiDting  to  solve  the  riddle  and  to  ascertain  the  origin 
of  ozone,  a  French  chemist,  M.  Hautefeuille,  who  ascribes  the  blue 
color  of  the  heavens,  or  of  the  atmosphere,  to  ozone,  asserts  that  this 
gas  is  more  abundant  in  the  higher  than  in  the  lower  strata  of  our 
atmosphere.     It  may  be  so;  at  all  events  we  are  not  much  the  wiser  for 
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the  assertion.  While  we  know  that  ozone  is  nothing  more  than  oxygen 
in  an  altered  and  allotropic  condition,  we  are  quite  in  the  dark  as  to  the 
methods  by  which  this  alteration  is  effected.  We  know  that  the  ratio 

of  ozone  is  very  A^ariable;  that  it  is  more  abundant  in  May  than  in  any 
other  month;  more  abundant  in  the  morning,  from  October  to  June, 
and  in  the  evening,  in  July,  August,  and  September,  so  that,  npon  the 
whole,  it  seems  to  follow  fair  weather  and  heat;  but  this  hardly  helps 
to  solve  the  question,  and  much  remains  to  be  discovered. 

Concerning  ammonia,  our  information  extends  somewhat  further  than 
in  the  case  of  ozone.  Ammonia  is  constantly  i^resent  in  the  atmosphere. 
In  1857  Boussingault  and,  later,  Schloesing,  did  good  work  in  reference 
to  this  subject.  They  have  shown  that  ammonia  generally  exists  in 
combination  with  carbonic  or  nitric  acid ;  only  a  small  proportion  is  free. 

Its  origin  is  easily  ascertained,  for  ammonia  is  one  of  the  by-products 
of  organic  putrefaction.  Considering  the  amount  of  putrefaction  which 
must  take  place  on  our  planet,  it  is  clear  that  this  source  is  a  fruitful  one; 
and  it  must  be  added  also  that  ammonia  could  not  exist  in  an  atmos- 

phere where  life  was  absent,  nor  in  one  where  i)utrefaction  was  impos- 
sible, nor  in  an  entirely  aseptic  atmosphere,  the  organisms  themselves 

being  aseptic.  Although  ammonia  is  a  constant  component,  it  is  a  very 
small  one;  air  does  not  contain  more  than  a  few  millionths  of  it;  but 

water  of  atmospheric  origin,  rain,  vapor,  fog,  etc.,  holds  a  larger  propor- 
tion. M.  Schloesing  has  devised  ingenious  apparatus  and  methods  for 

ascertaining  the  proportions  of  ammonia  in  air  and  in  rain  water,  as  the 
matter  is  one  of  imj)ortance,  particularly  to  agriculture,  in  view  of  the 
interchange  of  ammonia  that  occurs  between  air,  rain,  and  ground  water. 

One  of  the  results  has  been  to  show  that  each  hectare  in  France  (some- 
thing over  2  acres)  receives  yearly  through  rainfall,  or  from  the  atmos- 
phere, 9.801  kilograms  of  nitrogen  under  the  form  of  ammonia.  This 

will  be  again  referred  to  further  on,  when  we  come  to  consider  the  uses 
of  this  compound  and  its  role  in  nature. 

Other  nitrogen  compounds  are  also  present  in  air — nitrous  and  nitric 
acids,  for  instance,  both  in  very  small  quantities.  It  may  be  that  they 

are  formed  under  the  influence  of  atmospheric  electricity,  as  some  experi- 
ments by  Cavendish  seem  to  show,  and  as  indicated  by  some  observa- 

tions of  Liebig,  who  detected  nitrate  of  ammonia  in  the  rain  that  falls 
during  thunderstorms.  It  may  be  also,  as  Schoenbein  suggests,  that 
nitrous  acid  is  formed  by  the  action  of  nitrogen  on  water  during  the 
different  oxidizations  or  combustions  which  goon  rapidly  in  our  works, 
factories,  and  so  forth,  and  slowly  in  the  field  of  nature.  Mtric  nitrogen 
is  more  abundant  in  and  during  winter,  and  it  is  more  especially  in  rain 
water  that  its  proportions  have  been  ascertained.  Generally  some  0.73 
milligram  are  present  in  each  liter  of  rain  water,  and  in  France  each 
hectare  receives  about  3.986  kilograms  of  this  nitrogen  through  the 
rainfall.  Added  to  the  nitrogen  received  under  form  of  ammonia,  this 
gives  ns  a  total  of  13.787  kilograms  of  nitrogen  received  by  the  soil. 
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Much  of  it  is  borrowed  by  plants.  It  has  been  observed  in  England 
and  in  France  that  rain  water  collected  in  cities  or  in  their  immediate 

vicinity  contains  more  nitrogen  (esi^ecially  under  the  form  of  ammonia) 
than  that  collected  in  the  country  some  distance  away.  Towns  where 
industrial  pursuits  are  thriving  and  active,  where  factories  and  furnaces 

keep  their  chimneys  constantlj^  at  work,  produce  a  large  quantity  of 
ammonia.  London,  Glasgow,  and  Manchester  are  specially  noted  for 
this.  Some  amount  of  carbureted  hydrogen  exists  in  the  atmosphere 

(one  ten-thousandth),  and  its  name,  marsh  gas,  gives  a  clue  to  its  origin. 
Sulphureted  hydrogen,  also  present  in  very  small  quantities,  has  its  origin 
in  some  volcanoes  and  in  the  disintegrative  jDrocesses  going  on  in  dead 
bodies  or  other  lifeless  organic  materials.  It  is  therefore  often  found  in 
the  vicinity  of  graveyards  and  of  fecal  matter.  It  is  enough  to  merely 
mention  the  presence  of  a  very  slight  proportion  of  boric  acid,  which  is 

ejected  into  the  atmosphere  hj  volcanoes — bj'  some  at  least. 
Iodine  has  been  detected  in  small  quantities  by  Chatin,  who  is  of  the 

opinion  that  its  presence  or  absence  in  the  air  and  waters  bears  some 
relation  to  the  occurrence  of  goiter  in  the  human  species.  Very  little 

can  be  said  in  support  of  this  view.  The  atmosphere  undoubtedly  con- 
tains saline  particles,  and  all  observers  who  use  the  spectroscoi^e  have 

been  more  or  less  annoyed  by  the  fact.  But  these  particles  are  present 
under  the  solid  form.  They  are  positively  in  suspension  in  the  air,  and 
not  under  the  form  of  vapor  nor  of  gas.  Xo  very  considerable  mental 

eftbrt  is  required  to  ascertain  the  origin  of  such  particles.  Dust  per- 
vades the  whole  atmosphere — that  is,  the  lower  strata  at  least — dust 

which  has  been  torn  from  the  soil  in  all  countries  of  the  world,  in  the 
deserts  of  Sahara,  Kalahari,  Gobi,  or  Atacama,  in  the  lowlands,  from 
the  Hanks  of  the  mountain  ranges,  dust  that  has  been  poured  out  from 
the  bowels  of  the  earth  by  Cotopaxi  and  Kilauea,  Vesuvius  and  Colima, 
Erebus,  and  Terror,  and  all  this  dust  contains  a  large  number  of  saline 
particles.  The  seas  also  contribute  their  share.  The  wind  sweeps  oft 
the  crest  of  the  waves,  blows  the  foam  and  brine  inshore,  often  to 
considerable  distances,  with  the  result  that  the  atmosphere  contains  a 
proportion  of  the  salts  of  the  sea,  which  often  cover  with  a  perceptible 

coating  i)lants  fairly  distant  from  the  shore.  Farther  inland  the  pro- 
IDortion  of  sea  salts  is  decreased,  but  while  not  themselves  apparent 

they  exert  apparent  effects  upon  plants.^  Another  curious  influence 
is  exerted  by  these  particles  in  quite  a  different  direction.  It  is  well 

known  that  aqueous  solutions  of  salts  may,  under  x>eculiar  circum- 
stances, be  supersaturated;  that  is,  may  contain  a  larger  proportion  of 

dissolved  salt  than  is  consistent  with  theory.  If  air  is  allowed  to  come 
in  contact  with  the  surface,  such  a  solution  often  suddenly  crystallizes. 
M.  Gernez,  who  has  thoroughly  investigated  these  phenomena,  comes 
to  the  conclusion  that  the  sudden  crystallization  is  due  to  the  presence 

1  Cf.  P.  Lesage :  Influence  du  bord  de  la  mer  sur  la  structure  des  plantes. 
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in  the  atmosphere  of  a  few  particles  of  the  corresponding  salt,  for  it  is 
a  familiar  fact  that  if  the  very  smallest  amount  of  a  salt  is  dropped 
into  a  supersaturated  solution  of  the  same  salt,  the  latter  instantly 
crystallizes,  just  as  a  loaded  gun  goes  off  when  the  trigger  is  pulled. 
If  this  interpretation  be  correct,  certainly  air  contains  a  large  amount 

of  sulphate  of  sodium,  for  supersaturated  solutions  of  the  latter  crystal- 
lize very  easily  when  not  protected  from  contact  with  the  general 

atmosphere.  A  fact  that  favors  this  exx)lanation  is  that  when  the  air 
in  contact  with  a  supersaturated  solution  is  carefully  filtered  through 
a  plug  of  asbestos  or  cotton  it  has  no  longer  the  power  of  inducing 
crystallization.  It  has  been  deprived  by  the  plug  of  those  particles 
which,  by  their  conformity  to  tlie  composition  of  the  solution  are  able  to 
induce  the  phenomerion  referred  to.  If  this  explanation  of  M.  Gernez 
is  correct,  the  constant  refusal  of  a  supersaturated  solution  to  crystallize 
when  in  contact  with  the  general  atmosphere  would  prove  that  the  salt 
which  it  contains  is  not  to  be  found  free  in  the  air.  At  all  events,  the 
interpretation  is  quite  plausible  and  the  fact  is  of  interest. 

Before  dismissing  this  brief  review  of  the  main  chemical  constituents 
of  the  atmosphere,  a  word  must  be  said  concerning  the  volatile  organic 

matters  which  Brown- Sequard  and  d' Arson val  thought  they  had  found 
in  expired  air  a  few  years  ago.  These  two  physiologists,  collecting  air 
expired  by  men  or  animals,  and  condensing,  by  means  of  cold,  the 
aqueous  vapor  always  present  in  such  air,  obtained  a  liquid  to  which 
they  ascribed  toxic  iDroperties.  If  such  liquid  is  injected  under  the  skin 
of  an  animal,  it  kills  more  or  less  rapidly,  the  results  varying  according 
to  dose,  the  species  experimented  upon,  and  other  circumstances.  The 
inference  was  that  expired  air  contains  certain  volatile  substances 
excreted  or  exhaled  by  the  lung  surface  and  dissolved  in  the  water 
derived  from  the  condensation  of  i3ulmonary  aqueous  vapor,  and  from 
which  they  may  be  isolated  by  analysis.  A  very  tempting  inference, 
to  be  sure,  for  it  seems  clear  that  confined  air  vitiated  by  respiration, 
even  after  it  is  deprived  of  carbon  dioxide,  remains  heavy,  unpleasant, 
unhealthy,  and  even  injurious,  and  if  it  has  an  unpleasant  smell,  the 
reason  is  probably  because  it  contains  peculiar  organic  matters.  Do 

these  matters — whose  existence  is  suspected,  not  proven — accumulate 

in  the  liquid  condensed  by  Brown- Sequard  and  d'Arsonval,  and  impart 
to  it  its  toxic  properties'?  The  one  great  difficulty  in  answering  this 
question  is  the  fact  that  the  different  physiologists  who  have  endeav- 

ored to  rei^eat  and  confirm  the  above  experiments  in  France,  Ger- 
many, and  Italy,  have  been  unable  to  obtain  the  same  results.  They 

have  not  succeeded  in  obtaining  from  the  breath  any  condensed 
liquid  which  had  a  toxic  influence,  and  the  most  probable  explanation  is 
that  some  mistake  was  made  by  the  original  observers.  When  care  is 
taken  to  exclude  all  elements  except  those  derived  from  the  breath  no 
ill  effects  are  observed  on  animals.    It  may  very  well  have  happened 
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that  Brown-Sequard  and  d'Arsonval  did  uot  take  pains  enough  to  pre 
vent  the  contamination  of  the  liquid,  either  by  solid,  and  probably- 
living,  particles  of  nasal  or  buccal  origin,  or  by  impurities  belonging 
to  the  apparatus  and  receiver  in  which  condensation  was  effected.  We 

can  uot,  therefore,  accept  their  original  statement  although  there  is  a 
probability  in  favor  of  its  truth.  Further  experiments  are  required 
to  settle  the  matter. 

III. — Biological  Role  of  the  Chemical  Constituents  of  the 

Atmosphere.     • 

Having  now  considered  the  constituents  of  the  atmosphere,  their 
relative  proportions  in  the  aerial  mixture,  their  mode  of  production  and 

distribution — that  is,  their  mode  of  equilibration — and  taking  it  as  an 
established  fact  that  the  composition  of  air  varies  but  slightly,  remain- 

ing constant  within  the  limits  previously  mentioned ;  having  also  briefly 

reviewed  the  i)art  played  by  animate  life  in  maintaining  the  composi- 
tion of  the  atmosphere,  we  may  now  proceed  to  consider  the  chemical 

and  physical  influence  of  the  atmosphere  on  the  life  of  organisms. 

For  the  sake  of  convenience  and  clearness,  we  shall  begin  with  th@> 
chemical  influence,  and  review  in  turn  the  influence  of  each  sej)arate 
constituent. 

The  life- maintaining  gas  of  atmosi")here,  par  excellence^  is,  to  all 
appearances,  oxygen — and  we  shall  deal  first  with  this  element. 

That  its  presence  in  air  is  indispensable  for  the  proper  execution  of 
the  respiratory  functions  is  a  fact  familiar  to  all.  Physiology  has  most 

clearly  demonstrated,  for  a  century  past,  the  great  importance  and  use- 
fulness of  this  gas.  It  is  essential  to  respiration.  Man  consumes  large 

quantities  of  it.^ 
Inspired  air,  containing  on  the  average  20  or  21  per  cent  of  oxygen 

by  volume — expired  air  containing  only  16  per  cent — 4  per  cent  have,  in 
consequence,  been  absorbed  by  the  organism,  and  in  twenty-four  hours 

1  It  should  be  noticed  tliat  neither  men  nor  animals  ever  breathe  pure  air,  nor 
can  they  do  so  uuder  normal  and  natural  circumstances.  The  reason  is  obvious. 

The  lungs  are  never  totally  emptied.  Even  after  the  deepest  expiration,  there 
remains  in  the  lungs  and  air  passages  a  residue  of  air  that  can  not  be  expelled 
(owing  to  the  anatomical  impossibility  of  total  pulmonary  contraction),  and 
such  air  is  vitiated  and  unfit  for  respiratory  purposes.  The  next  inspiration  brings 
a  certain  amount  of  pure  air,  but,  as  a  matter  of  course,  it  mixes  with  the  impure 
residual  air,  and  therefore  becomes  vitiated  to  some  extent.  The  only  parts 

■which  receive  strictly  pure  air  are  the  superior  air  passages.  At  the  end  of  expira- 
tion they  are  full  of  impure  air;  but  the  very  first  result  of  inspiration  is  to  return 

all  this  impure  air  to  the  lungs,  and  to  fill  the  air  passages  with  pure  air.  A  part  of 
this  goes  to  the  lungs,  and  all  that  remains  in  the  nose,  trachea,  etc.,  is  pure.  All 
mucous  membranes  have  some  respiratory  functions,  so  that  a  proportion  of  this 
pure  air  is  used;  but  the  most  important  of  the  respiratory  organs  is  bathed  in 
a  vitiated  atmosphere,  and  one  may  truly  say  that  neither  men  nor  animals  ever 
breathe  really  pure  atmospheric  air.     A  very  simple  and  ingenious  experiment  has 
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an  aA^erage  adult  retains  over  740  grains,  or  516,500  cubic  centimeters,  a 
total  amount  of  500,000,000  cubic  meters  per  day  for  tlie  whole  of  man- 

kind. The  amount  of  oxygen  required  varies  somewhat  according  to 
sex  and  age  within  the  limits  of  the  same  species.  During  childhood 
and  old  age  less  is  needed  than  during  the  prime  of  life.  An  adult  may 

require  910  grams  in  fcwenty-four  hours ;  an  8-year  old  child  is  content 
with  375.  Various  circumstances,  such  as  vigor,  health,  temperature, 
rest,  exercise,  and  so  on,  increase  or  diminish  oxygen  consumption. 
This  oxygen  is  absorbed  in  our  tissues,  which  it  reaches  chiefly  through 

the  agency  of  the  lungs  and  blood;  a  small  proi^ortion,  however  (one- 
eightieth  of  the  amount  absorbed  by  the  lungs),  is  absorbed  by  our 

skin,  which  has,  therefore,  some  respiratory  importance.^  All  our 
tissues  need  oxygen ;  all  breathe.  For  it  must  not  be  forgotten  that  the 
lung  is  nothing  more  than  an  instrument  in  the  respiratory  process  5  the 
chemical  operation  which  is  the  essential  part  of  this  function  takes 
place  elsewhere,  in  the  tissues  themselves.  The  lung  is  only  the  door 
by  which  oxygen  enters  the  system.  Physiologists  held  quite  different 
views  a  century  ago,  and  Lavoisier  himself  supposed  that  the  main 
act  of  respiration  takes  place  in  the  lung.  What  really  happens  is 
that  oxygen,  introduced  into  the  lung,  filters  through  the  very  thin 
walls  of  the  pulmonary  capillaries,  where  it  finds  in  the  red  blood  cor- 

puscles a  substance  called  hemoglobin,  with  which  it  unites  to  form  a 
compound  which  bears  the  name  of  oxyhemoglobin.  A  very  unstable 
compound  it  is,  for  throughout  the  tissues,  in  the  capillary  vessels  of 
the  whole  body,  oxygen  is  allowed  to  escape  and  effect  its  work  among 
the  cells.  Numerous  and  complex  reactions  take  place,  and  one  set 
of  them  results  in  the  formation  of  carbonic  acid.  The  blood,  therefore, 
is  nothing  more  than  a  vehicle;  it  carries  oxygen  to  the  tissues  and 
brings  back  to  the  lungs  carbonic  acid,  which,  if  not  allowed  to  escape, 

would  soon  cause  death.  The  ''organic  combustions"  do  not  occur  in 
the  lungs,  as  was  thought  a  century  ago;  their  seat  is  in  the  tissues, 
throughout  the  whole  body. 

While  respiration  is  common  to  all  animals,  it  is  not  equally  active 

been  devised  by  Prof.  Charles  Richet  in  order  to  give  an  experimental  proof  of  the 

soundness  of  this  inference.  All  that  is  required  is  an  india-rubber  tube,  some 
2  or  3  yards  in  length,  of  rather  wide  bore.  This  tube  is  so  adapted  to  the  respira- 

tory apparatus  of  a  dog  'or  rabbit,  that  by  some  means  or  other  he  is  made  to 
breathe  through  it.  Under  such  conditions  death  from  asphyxia  soon  results. 
This  experiment  merely  exaggerates  the  normal  conditions;  adding  the  tube 

amounts  to  nothing  more  than  lengthening  the  air  passages,  and  putting  a  greater 

distance  between  the  lung  and  the  atmosphere.  The  result  is  not  a  matter  of  sur- 
prise— external  air  can  not  reach  the  lungs.  Inspiration  is  not  sufficient  to  draw  to 

the  lung  the  whole  of  the  air  contained  in  the  tube,  plus  a  sufficient  amount  of  pure 
air.  Each  inspiration  introduces  some  fresh  air  in  the  end  of  the  tube,  each  expi- 

ration expels  it,  and  none  reaches  the  animal,  which  is  unceasingly  breathing  the 
same  air  over  again  and  perishes  from  asphyxia,  although  in  appearance  breathing 
as  freely  as  possible. 

^Cutaneous  respiration  is  quite  sufficient,  in  winter,  to  maintain  life  in  some 
animals ;  the  frog,  for  instance. 
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in  all;  it  is  more  intense  in  birds  than  in  mammals;  more  intense  in 
mammals  than  in  reptiles  and  mollusks.  An  active  animal  will  consume 

more  oxygen  than  one  that  is  slothful,  sleeping,  lethargic,  or  hibernat- 

iDg".  Yet  all  animals  breathe;  none  can  dispense  with  oxygen,  and  if 
that  gas  fails  them  they  die. 

It  is  the  same  with  plants.  While  for  their  nutrition  they  exhale 
oxygen  (chlorophyllian  function)  during  the  day,  under  the  influence 

of  light,  they  breathe  at  all  times,  absorbing  oxygen  and  exhaling  car- 
bonic acid,  as  Priestley  has  shown.  Here,  also,  the  intensity  of  the 

function  may  vary.  Plants  need  a  great  amount  of  oxygen  during 
germination,  and  this  exj)lains  why  many  seeds  can  not  germinate 
under  water,  where  the  access  of  oxygen  is  retarded  and  inadequate,  or 

in  compact  soil,  where  air — oxygen — is  also  deficient.  One  sort  of  seed 
requires  the  hundredth  of  its  weight  iu  oxygen,  another  is  quite  satis- 

fied with  ten  or  twenty  times  less;  but  all  need  oxygen,  as  De  Saus- 
sure  proved  nearly  a  century  ago. 

Plants  also  need  oxygen  for  their  growth,  and  at  the  flowering  period 
they  use  a  large  amount  of  it,  chemical  operations  being  then  so  very 
rapid  and  intense  that  a  quite  percei)tible  heat  is  given  out.  During 

all  moments  of  their  life,  from  birth  to  death,  plants  breathe.  Sepa- 
rate parts,  such  as  leaves,  twigs,  flowers,  fruits,  need  and  use  oxygen 

also — they  are  not  dead;  and  a  nosegay  in  a  room  plays  its  part  in 
the  withdrawal  of  oxygen  as  well  as  the  person  sitting  at  the  table,  the 
cat  sleeping  near  the  hearth,  the  lamps,  the  fire.  A  fruit  or  a  leaf, 
in  any  closed  receiver  full  of  air,  alters  the  composition  of  the  latter, 
withdrawing  oxygen  and  giving  carbonic  acid  in  its  place. 

In  brief,  without  oxygen  there  would  be  no  life,  no  animals,  no 
plants;  the  whole  planer  would  be  one  desolate  landscape  of  rocks  and 
sand,  from  which  the  solar  heat  would  in  vain  strive  to  elicit  the  merest 
blade  of  grass,  the  smallest  insect. 

Such  being  the  case,  some  might  incline  toward  the  opinion  that  life 
is  abundant  and  intense  in  proportion  to  the  amount  of  oxygen,  while, 

where  air  is  deficient,  life  also  is  wanting.  Logical  extremes  are,  how- 
ever, almost  invariably  absurd,  and  the  researches  conducted  during  the 

last  twenty  years,  by  Paul  Bert  and  Pasteur  especially,  go  to  show 
conclusively  that  both  opinions  are  equally  erroneous. 

Living  beings,  as  they  are  at  present,  are  adapted  to  life  in  an  atmos- 
phere containing  one-fourth  oxygen  and  three-fourths  nitrogen.  Expe- 
rience shows  us  that  if  the  ratio  of  oxygen  is  decreased  even  by 

one-fourth,  life  can  no  longer  be  maintained.  The  adaptation  of  organ- 
isms to  the  atmosphere  is  thus  very  close,  and  this  suggests  the  idea 

that  perhaps  a  change  in  reverse  direction  might  also  be  injurious; 
that  an  increase  in  the  ratio  of  oxygen  might  prove  harmful.  Paul  Bert 
has  thrown  much  light  on  this  question,  and  his  experiments  have 
amply  proven  a  fact  which  at  first  sight  seems  most  improbable,  but 
is  less  surprising  to  those  who  always  keep  in  mind  the  fact  that  living 
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beings  are  adapted  to  their  environment,  and  that  the  adaptation  is 

often  very  strict.  He  has  shown  that  oxygen — the  vivifying  gas  par 
excellence,  that  which  is  essential  to  life — is  also  a  violent  poison;  a 
poison  for  plants  as  well  as  for  animals,  for  the  cells  and  the  whole 

organism.  All  that  is  reqnired  is  for  oxygen  to  acquire  a  certain  ten- 
sion in  the  atmosphere  or — what  amounts  to  the  same — be  present  in 

a  certain,  ratio  above  the  normal,  and  it  becomes  an  agent  of  death. 

This  can  be  demonstrated  in  two  ways.  Animals  or  plants  maj^  be 
made  to  live  in  a  normal  atmosphere,  but  under  higher  pressure  than 
the  average;  or,  again,  they  may  be  placed  in  artificial  air  where  the 
ratio  of  oxygen  has  been  increased.  In  both  cases  the  phenomena  are 
similar;  in  both,  death  is  the  result.  While  a  satisfactory  explanation 
has  not  yet  been  proposed  in  the  case  of  plants,  Paul  Bert  has  been 
able  to  show  that  animals  die  in  a  superoxygenated  atmosphere  as 
soon  as  their  blood  contains  one -third  more  than  the  normal  ratio  of 
oxygen,  because,  in  such  an  atmosphere,  the  hemoglobin  of  the  red 

blood  corpuscles  is  saturated  with  oxygen — a  fact  which  never  occurs 
under  normal  conditions — and  a  x^roportion  of  tliis  gas  then  dissolves 
in  the  serum  of  the  blood  itself.  The  oxygen  dissolved  in  the  serum 
does  all  the  harm.  The  tissues  can  not  withstand  the  i)resence  of  free 
uncombined  oxygen;  they  are  killed.  This  is  the  quo  modo  of  the 
l^henomenon.  The  qu are  is  yet  wanting:  Why  do  the  tissues  require 

combined  oxygen,  and  why  does  free  oxygen  kill  them'?  Here  is  a 
riddle  for  physiologists;  it  is  one  worth  their  i)ains  and  trouble. 

Now,  it  must  be  said  that  while  a  certain  increase  in  the  ratio  of 
oxygen  results  in  death,  lesser  increases  of  a  temporary  character  may 
be  beneficial.  Every  poison  kills,  doubtless,  but  there  are  doses  which 
not  only  do  not  kill,  but  even  confer  benefit  and  improve  health.  This 
toxicity  of  superabundant  oxygen  is  undoubtedly  one  of  the  most 
curious  facts  that  recent  years  have  brought  to  light,  and  it  is  a  very 
positive  and  demonstrable  one. 

On  the  other  hand,  to  say  that  without  free  oxygen  there  can  be  no  life 

would  be  incorrect.  Pasteur's  investigations  have  shown  that  if  some 
micro-organisms  can  live  only  where  air  and  oxygen  are  present,  others, 
which  have  been  termed  anaerobic,  much  prefer  an  environment  where 
air  is  Avanting.  Such  is  the  case  with  those  which  cause  fermentation. 
They  induce  fermentation  only  when  in  a  medium  devoid  of  oxygen, 
and,  as  Pasteur  put  it,  fermentation  is  a  consequence  of  life  Avithout 

air.  What  then  occurs  in  a  fermenting  medium'?  A  i^articular  kind 
of  microbe — each  fermentation  is  due  to  a  particular  sort  or  species  of 
microbe — is  conveyed,  by  air,  by  water,  or  is  purposely  introduced,  into 
that  medium.  During  a  time  it  lives  there  upon  the  oxj^gen  which  it 
finds.  At  last  oxygen  fails;  all  the  provision  has  been  expended,  and 
diffusion  has  not  taken  place  rapidly  enough  to  meet  the  needs  of  the 

micro-organism.  The  latter  has  then  to  shift  for  itself  in  some  manner. 
Pree  oxygen  is  wanting,  to  be  sure,  but  nevertheless  there  is  oxygen 
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to  be  had — oxygen  in  combination  with  one  or  the  other  of  the  sub- 
stances dissolved  in  the  liquid  under  consideration.  This  the  micro- 

organism uses  for  its  wants.  It  withdraws  this  oxygen  and  releases  it 

from  its  fetters — not  for  the  benefit  of  oxygen  certainly,  but  for  its  own 
advantage.  As  this  release  can  not  be  effected  without  releasing  also 
at  least  one  and  often  many  other  constituents  which  were  combined 
with  the  oxygen,  they  also  are  freed,  and  their  escape  is  one  of  the 
characteristic  phenomena  of  fermentation.  Let  us  take  an  instance, 
that  of  alcoholic  fermentation.  This  requires  water  in  which  cane  or 
grape  sugar  is  dissolved  (cane  juice  or  grape  juice).  The  microbe 

removes  from  the  sugar  a  portion  of  its  component  oxygen,  thus  decom- 
posing it  into  free  carbonic  acid  and  alcohol.  This  is  one  instance 

among  a  hundred.  In  all  the  process  is  fundamentally  the  same.  In 
all  processes  of  fermentation  a  microbe  is  present  which,  unable  to 

otherwise  obtain  its  requisite  supply  of  oxygen,  takes  it  by  decompos- 
ing the  surrounding  substances,  changing  them  into  new  compounds, 

containing  in  part  the  same  elements  as  the  original  but  differently 

united.  So  we  see  that,  upon  the  whole,  anaerobic  micro-organisms, 
which  seem  more  or  less  to  shun  free  oxygen  and  air,  do  really  breathe 
oxygen,  as  other  organisms  are  wont  to  do.  Thus,  so  far  as  some 
organisms  are  concerned,  life  is  not  imj)ossible  where  free  oxygen  is 
wanting;  and,  on  the  other  hand,  wherever  life  is  present,  some  method 

exists  by  which  oxygen  may  be  secured.  While  anaerobic  micro-organ- 
isms seem  to  be  exceptions,  they  fall  under  the  general  law  that  living 

organisms  must  have  oxygen. 

Between  such  anaerobic  organisms  and  those  which  need  fi^ee  oxy- 
gen many  transition  forms  exist.  It  will  be  sufficient  to  recaU  the  fact 

that  vegetable  cells  are  aerobic  and  anaerobic  simultaneously,  since 

they  can  produce  alcoholic  fermentation.  '^Let  us  place  a  beet  root 
in  carbonic  acid,"  says  Duclaux,  "we  shall  see  it  produce  alcohol. 
Cherries,  plums,  apples,  all  fruits  containing  sugar,  entire  saccharif- 
erous  plants,  under  the  same  circumstances  do  the  same.  Their  sugar 

is  in  part  broken  up  into  alcohol  and  carbon  dioxide.  The  only  differ- 
ence between  these  cells  and  those  of  yeast  is  that  the  former  are  less 

suited  for  anaerobic  life,  and  the  fermentation  which  they  effect  is 
less  complete  than  that  effected  by  yeast,  aod  they  stop  or  die  before 
all  the  sugar  has  been  transformed.  But  such  differences  are  only 

differences  in  degree."  If  we  now  turn  to  animal  cells,  we  find  that 
they  are  also,  in  fact,  anaerobic.  Have  we  not  seen  that  free  oxygen 
dissolved  in  the  serum  of  the  blood  is  toxic,  and  that  it  kills?  That 
the  tissues  do  not  breathe  pure  or  free  oxygen,  but  require  to  have  it 
offered  to  them  combined  with  hemoglobin?  And  what  is  this,  if  not 
true  anaerobiosis?  ^    Hence  we  must  draw  the  inference  that  while  all 

^The  notion  that  animal  cells  are  anaerobic  was  propounded  by  Pasteur.  A. 
Gautier,  in  1893,  took  it  up  with  some  valuable  arguments  and  experiments.  These 

experiments  have  shown  that  quite  a  number  of  well-known  disassimilation  products 
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living  organisms  require  oxygen,  and  must  liave  it,  a  large  number  at 
all  events  require  to  have  it  offered  to  tbem  in  a  combined  form.  All 
animals  seem  to  prefer  combined  oxygen.  As  to  plants,  we  are  in  the 
dark.  Certainly  free  oxygen  enters  the  stomataj  but  is  the  oxygen 
used  as  such  by  cells,  or  does  it  previously  form  some  compound  with 

some  liquid  in  the  plant •?  We  do  not  know.  What  we  do  know,  how- 
ever, is  that  on  our  planet  and  under  the  present  laws  of  organization 

and  life  where  oxygen  is  wanting  life  is  also  wanting,  and  that  where 
oxygen  is  in  excess  of  the  normal  ratio  life  is  impaired  and  after  a 
time  destroyed.     Such  is  the  main  conclusion  to  be  kei)t  in  mind. 
We  will  now  consider  nitrogen,  or  azote.  The  name  is  significant.  It 

means  that  this  gas  is  not  adequate  to  maintain  life,  for  we  all  know 

that  if  an  animal  or  plant  be  placed  in  an  atmosphere  containing  nitro- 
gen only,  death  ensues  in  a  very  short  time.  It  should  not  be  inferred 

that  nitrogen  is  toxic.  We  inhale  a  large  proportion  of  it  without  the 
slightest  inconvenience;  but  it  is  inert,  and  neither  burns  nor  maintains 

combustion.  Its  only  function  in  respiration  seems  to  be  that  of  a  dilu- 
ent or  moderator.  Pure  oxygen  would  be  certain  death,  while,  diluted 

with  some  amount  of  nitrogen,  it  is  absorbed  only  in  the  requisite  pro- 
portion. Nitrogen  here  plays  the  part  of  water  added  to  wine — a  useful 

part,  most  certainly,  since  we  could  not  do  without  this  diluent — but  a 
negative  one.    But  what  more  could  be  exjjected  of  an  inert  gas? 

There  is,  however,  a  mucli  more  important  part  played  by  nitrogen 
in  the  economy  of  nature.  It  is  abundant  in  organisms.  It  forms  a 
large  proportion  of  our  frame  and  tissues  and  is  most  abundant  in  the 
atmosphere.  Lastly,  as  shown  by  Magendie,  when  animals  are  deprived 
of  food  containing  nitrogen,  they  die.  Let  us  start  from  this  well- 
established  fact,  that  nitrogenous  food  is  necessary  to  maintain  life  in 

animals — in  higher  animals  at  least.  This  nitrogenons  food  is,  in  the 
long  run,  provided  by  plants.  While  a  few  plants — lentils,  for  instance — 
yield  fruits  containing  a  large  proportion  of  nitrogen,  the  greater  num- 

ber furnish  nitrogenous  food  only  by  undergoing  the  transformations 

which  animal  digestion  effects  upon  vegetable  food — grass,  hay,  leaves, 
etc.  Some  animals  require  nitrogen  in  the  form  of  meat,  while  a  greater 
number  are  content  with  that  contained  in  plants;  but,  upon  the  whole, 
nitrogen  is  always  primarily  provided  by  plants.  Now,  as  nitrogen  is 
essential  to  all  animals,  how  do  the  plants  which  provide  it  manage  to 
incorporate  if?    Where  do  they  get  it? 

The  soil  contains  some  amount  of  nitrates,  a  proj^ortion  of  which 

it  is  quite  certain  that  jdants  absorb,  for  cultivation  always  impov- 
erishes the  soil,  deprives  it  more  or  less  of  nitrogen,  as  chemistry  shows, 

and  in  order  to  restore  its  fertility  nitrogen  must  be  added  to  it  under 

which  are  found  in  the  blood,  in  the  urine,  etc.,  are  produced  by  the  cells  of 
the  tissues  after  circulation  has  entirely  ceased,  when  air  and  oxygen  are  no  more 

brought  to  them.  The  inference  is  that  animal  cells  are,  according  to  circum- 
stances, aerobic  or  anaerobic. 
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the  form  of  nitrogeuous  manures.  But  notice  must  be  takeu  of  the  fol- 

lowing facts.  In  the  first  place,  forests — whose  age  is  often  very  great — 
go  on  growing,  although  for  ceuturies  no  manure  has  been  added  to  the 

soil  on  which  they  grow,  and  the  same  is  true  of  pasture  land.  Agaiu, 

it  is  a  well-kuown  fact  that  if  soil  is  manured  with  any  nitrogenous 
manure,  it  yields  more  nitrogen  in  the  crop  than  was  given  to  it  in  the 
fertilizer.  These  facts,  ascertained  by  Boussingault  many  years  ago, 
suggested  the  idea  that  atmospheric  nitrogen  might  play  some  part  in 
the  nutrition  of  plants,  and  that  in  some  way  or  other  they  might  borrow 
nitrogen  from  the  atmosphere  which  contains  such  an  amount  of  this 
substance. 

To  be  sure,  the  atmosphere  contains  some  ammonia  (nitrogen  and 

hydrogen  combined),  but  the  amount  is  very  small.  Mayer,  of  Heidel- 

berg, while  cultivating  in  the  open  air  plants  whose  roots  were  immersed- 
in  nutrient  solutions  from  which  nitrogeuous  compounds  were  excluded, 
and  protecting  them  against  rain  so  as  to  exclude  the  influence  of  such 

nitrogenous  comxDounds  as  exist  in  rainwater,  obtained  a  crop  contain- 
ing exactly  the  same  amount  of  nitrogen  as  the  seeds  from  which  the 

plants  grew — not  a  milligram  more.  This  shows  that  the  amount  of 
ammonia,  or  other  nitrogenous  compounds,  which  may  be  borrowed 
from  the  atmosphere  by  plants  in  a  direct  mauner  is  quite  insignificant. 
But  while  plants  may  obtain  very  little  or  nothing  from  the  atmosphere 
by  direct  process,  the  case  is  entirely  altered  when  indirect  j)rocesses 
are  allowed  to  operate.  Under  suchcircumst  ances  atmospheric  ammonia 
when  combined  with  the  elements  of  the  soil,  plays  an  important  i)art, 

as  show^n  by  Berthelot.  Instead  of  remaining  useless,  as  when  con- 
tained in  the  atmosphere,  it  then  becomes  useful,  and  is  utilized  by 

plants.  This  process  by  which  atmospheric  ammonia  combines  with 
soil  elements  is  not  a  spontaneous  one  such  as  that  by  which  hydrogen 

burning  in  oxygen  forms  water — there  is  no  unavoidable  chemical  reac- 
tion— it  is  effected  by  the  agency  of  definite  micro-organisms.  While  a 

specimen  of  soil  left  to  itself  under  normal  circumstances  acquires  more 
nitrogen,  the  same  specimen  remains  unaltered  (neither  loses  nor 
acquires  nitrogen)  when  it  has  been  i)reviously  sterilized  by  subjecting 

it  to  a  heat  above  105°  or  110^  C,  by  which  all  micro-organisms  are 
killed.  Again,  M.  Schloesing  and  Muntz  have  shown  that  it  is  by  dif- 

ferent micro-organisms  that  the  nitrogen  contained  in  nitrogenous 
organic  matters  of  arable  land  is  made  to  combine  with  other  matters, 
and  to  form  nitrates.  One  generates  ammonia;  another  transforms 
ammonia  into  nitrous  acid,  which  forms  nitrates  by  combining  with 

basic  elements,  and  lastly  a  third  micro-organism  transforms  the  nitrites 
Id  to  nitrates;  and  this  triple  process  is  what  is  called  nitrification — an 
operation  fully  investigated  by  Munro,  Winogradsky,  and  Frankland. 

Thus,  by  one  means  or  another,  atmospheric  ammonia  may  be  put 
within  reach  of  plants  and  be  used  by  them.  But  ammonia  is  however 
a  very  small  proportion  of  the  nitrogenous  contents  of  the  atmosphere. 
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Is  there  no  otlier  supply,  and  especially,  is  there  no  method  by  which 
pure  atmospheric  nitrogen  may  be  also  utilized  by  plants?  In  view  of 

the  considerable  amount  of  nitrogen  contained  in  atmosphere,  the  mat- 
ter is  one  of  great  importance  to  plants. 

The  question  has  been  answered  by  Hellriegel.^  After  twenty-five 
years'  investigation,  the  learned  director  of  the  agricultural  station  of 
Bemberg  has  finally  proved  conclusively  that  certain  plants  at  least 
have  the  power  of  assimilating  atmospheric  nitrogen.  These  plants 
belong  to  the  leguminous  family.  While  cereals,  for  instance,  need  to 
be  provided  with  nitrogen  under  the  form  of  nitrogenous  compounds 
mingled  with  the  soil,  or  under  the  form  of  nitrates  or  ammonia  salts, 

lupines,  pease,  clover  and  such  plants  do  very  well  without  sach  com- 
pounds. And  yet  they  contain  nitrogen ;  moreover,  agriculturists  know 

that  they  not  only  do  not  require  nitrogenous  manure,  but  that  after 
they  have  been  grown  on  a  soil  they  contain  more  nitrogen  than  the 

soil  could  possibly  have  furnished;  hence  the  name  of  "bettering 
plants."  If  they  are  buried  in  the  soil,  they  not  only  restore  the 
amount  of  nitrogen  which  they  may  have  derived  from  it,  they  add  to 
it  an  excess  which  they  have  obtained  elsewhere;  that  is  to  say,  from 
the  atmosphere.  Plants  grown  in  a  soil  totally  deficient  in  nitrogen 

contain  much  more  of  it  than  the  seeds  from  which  they  spring — i^ro- 
vided,  however,  one  condition  is  fultilled.  This  condition  is  that  the 

roots  possess  certain  peculiar  outgrowths  or  small  tumors — nodules,  as 
they  are  commonly  called — in  which  a  special  sort  of  bacteria  is  found. 
If  the  bacteria  are  wanting,  the  plant  does  not  grow  well;  it  remains 
puny  and  deficient  in  nitrogen,  but  if  watered  with  water  to  which  has 
been  added  a  culture  of  the  requisite  species  of  bacteria  it  becomes 
thrifty  and  yields  an  amount  of  nitrogen  amounting  to  a  hundredfold 
the  weight  contained  in  the  seed. 

It  seems  that  in  different  species  of  leguminous  plants  the  active 
and  important  species  of  bacteria  are  different.  That  which  is  adapted 
to  acacia,  for  instance,  although  it  does  not  suit  pease,  works  well 
with  beans,  and  vice  versa.  Are  we  to  draw  the  inference  that  each 

species  of  this  family  has  its  own  special  bacterium?  Nobbe  is  not  of 

this  opinion;  he  thinks  there  is  only  one  species,  which  he  calls  Bac- 
terimn  radicoJa ;  but  that  within  this  species  a  number  of  races  or 
varieties  has  been  evolved,  each  one  specially  adapted  to  a  sort  of 
communalism  with  a  particular  species  of  plant.  For  instance,  if  one 
individual  of  this  bacterium  lives  in  the  nodosities  of  one  particular 

plant,  its  progeny  becomes  specially  adapted  to  life  on  the  same  species, 

and  does  not  thrive  on  another  species.  Such  is  Kobbe's  view  briefly 
summarized,   and  it  would   explain  many  curious  facts  noticed  by 

^Hermann  Hellriegel,  born  1831,  died  September,  1895.  This  important  work  was 
accomplisbed  with  the  cooperation  of  Mr.  Wilfarth,  and  was  made  known  in  1886  at 

the  Natiirforscher-Versammhino;  in  Berlin.  Varro  and  the  old  Koraan  farmers  had 
noticed  that  beans,  lupines,  and  vetches  render  the  soil  more  fruitful,  but  Hellriegel 
and  Wilfarth  discovered  the  reason. 
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agriculturists  and  horticulturists  couceruing  sympathies  and  antipa- 
thies between  plants,  and  like  matters. 

The  quantity  of  nitrogen  which  leguminous  plants  can  obtain  from 
the  atmosphere  by  means  of  the  bacteria  which  live  on  their  roots  may 

be  very  considerable;  it  may  amount  to  100  or  150  kilograms  per  hec- 
tare (2i  acres).  Hence,  it  is  an  excellent  plan  with  soils  deficient  in 

nitrogen  to  grow  and  turn  under  leguminous  plants.  It  follows  also 

that  if  a  given  soil  seems  unfit  for  the  culture  of  a  particular  legumin- 
ous plant,  this  may  be  because  it  does  not  contain  the  necessary  bac- 

teria, and  under  such  circumstances  all  that  is  required  is  to  inoculate 
it.  A  culture  is  not  required;  it  is  enough  to  sprinkle  some  earth 
taken  from  a  field  in  which  leguminous  plants  of  the  same  species  have 
grown  and  thriven.  The  bacteria  abound  in  that  earth,  and  at  once 
multiply  in  the  field.  This  is  no  matter  of  mere  laboratory  experiment; 
the  process  has  been  tested  on  a  large  scale  at  ̂ lepi^en  in  Germany, 
by  31.  Salfeld,  with  the  best  results,  the  crop  having  been  then  doubled 
and  trebled. 

This  inoculation  may  be  performed  in  another  manner.  M.  Breal, 

of  the  Paris  Museum  of  Natural  History,  grows  two  lupines  in  sepa- 
rate pots,  filled  with  sterilized  earth.  He  inoculates  the  roots  of  the 

one  with  a  needle  dipped  previously  in  a  culture  of  the  appropriate 
bacterium,  while  the  other  is  not  inoculated.  The  result  is  that  the 

former  thrives,  while  the  latter  remains  puny  and  perishes. 

Besides,  Schloesing  and  Laurent  have  shown  that  if  different  legu- 
minous plants  are  cultivated  in  a  confined  atmosphere  the  amount  of 

nitrogen  in  the  air  decreases. 
The  general  result  of  the  very  important  labors  of  Hellriegel  and 

Wilfarth,  of  Xobbe.  of  Sir  John  Lawes  and  Sir  Henry  Gilbert  is,  then, 

the  discover^'  that  different  plants  of  the  leguminous  family — belonging 
in  particular  to  the  papilionaceous  division — are  endowed  with  a  very 
special  mode  of  nutrition,  quitf^  different  from  that  of  other  phanero- 

gams. By  means  of  the  cooperation  of  a  few  micro-organisms  which 
dwell  in  and  on  their  roots,  they  are  enabled  to  draw  free  nitrogen  from 
the  air;  not  ammonia,  nor  any  other  form  of  combined  nitrogen,  but  free 
nitrogen,  which  is  used  as  a  nutriment.  And  thus  it  hax^pens  that  that 

enormous  quantitj'  of  nitrogen  which  goes  to  make  a  large  propor- 
tion of  the  atmosphere,  instead  of  being  useless  as  it  seemed  at  first, 

is  of  very  great  importance  to  plant  life.  The  probabilities  are  that  it 
is  even  greater  than  it  now  appears.  We  feel  it  difficult  to  conceive 
that  only  a  small  proportion  of  plants  are  able  to  avail  themselves  of 
this  source  of  nitrogen,  and  physiology  teaches  us  that  so  far  as  the 
principal  functions  of  life  are  concerned  there  reigns  great  similitude 
in  the  processes  by  which  they  are  effected.  That  i3apilionaceous 
plants  only,  of  the  whole  host  of  the  vegetable  world,  should  be  able 
to  acquire  nitrogen  in  the  manner  described  seems  unlikely,  and  thence 
the  opinion  that  a  similar  i^rocess  and  a  similar  function  must  obtain 
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among  other  families  of  plants.  This  is  but  an  hypothesis,  however, 
and  no  definite  statement  can  yet  be  made  concerning  this  attempted 

generalization.  Some  facts,  indeed,  go  against  it,  and  show  that  cer- 
tainly not  all  plants  have  the  functions  which  we  have  noted  in  the 

papilionaceous  family.  Messrs.  Schloesing  and  Laurent  infer  from 
experiment  that  some  species  at  least  are  unable  to  make  use  of 
atmospheric  nitrogen,  and  require  to  have  it  provided  to  them  under 
the  form  of  different  compounds  contained  in  the  fragments  and  debris 
of  other  plants,  which  thus  play  the  part  of  manure  and  food.  While 
the  lion  and  tiger  eat  the  sheep  and  deer,  some  plants  eat,  so  to  say, 
their  congeners,  and  exhibit  a  form  of  caunibalism.  The  latter  obtain 
nitrogen  from  the  atmosphere,  and  after  death  their  remains  serve  as 

food  for  other  plants.  Such  is  the  case  with  mosses  and  many  crypto- 

gams. So,  observe  the  gradation :  Inferior  plants  ̂   draw  nitrogen  from 
the  atmosphere 5  superior  plants  feed  upon  the  remains  of  the  lower ;2 
and,  lastly,  animals  feed  on  other  animals  or  plants.  Man  eats  both 
animals  and  j)lants,  and  crowns  the  edifice  of  life,  as  he  supposes;  but 
the  solid  substructure  upon  which  all  the  building  rests  is  merely  an 
agglomeration  of  humble  unnoticed  forms,  often  invisible  to  the  naked 
eye,  whose  functions  are  to  provide  the  animal  and  vegetable  king- 

doms with  an  essential  part  of  their  food.  Whether  there  is  here  a 
plan  is  not  for  me  to  decide,  but  most  assuredly  the  connections  and 
interactions  are  of  interest. 

This  exposition  may  seem  somewhat  long,  but  it  was  necessary.  It 
shows  that  certain  plants,  at  least,  can  either  directly  or  indirectly  fix 

atmospheric  nitrogen  without  having  recourse  to  the  nitrates  of  nitrog- 
enous manures.  Here  again  it  is  shown  that  air  is  indispensable  to 

life.  A  gas  that  at  first  seems  inert  and  useless  is  found,  after  careful 
investigation,  to  play  a  most  important  part  in  the  nutrition  of  living 
organisms.  Without  nitrogen  there  would  be  no  plants,  no  food, 
no  animals,  no  mankind,  in  brief,  no  life  at  all.  And  if  atmospheric 
nitrogen  were  to  disappear,  life  would  soon  be  extinguished.  Who, 
then,  will  consider  this  element  of  the  air  as  useless? 

We  now  come  to  carbonic  acid. 

We  all  know  that  it  is  an  essentially  noxious  compound,  and  doubt- 
less there  is  little  in  its  history  to  redeem  its  reputation.  One-half  of 

our  respiratory  function  is  concerned  especially  with  the  task  of  ridding 

^And  some  superior  plants  also,  sucb.  as  those  of  the  papilionaceous  group;  but 
even  with  them  the  process  is  indirect,  as  it  is  through  very  low  organisms  (bacteria) 
that  nitrogen  is  brought  to  them. 

'-'When  Melchior  Treub  visited  Krakatoa  after  the  disaster  of  1884,  in  order  to 
investigate  the  floral  repopulation  of  the  island — seeds  being  brought  by  currents 
and  winds  from  the  surrounding  parts  in  abundance — he  noted  that  the  first  plants 
to  appear  were  algae  and  lichens.  And  it  was  only  some  time  after  the  latter  had 

taken  a  foothold,  and,  so  to  say,  prepared  a  suitable  soil,  that  higher  plants  were  seen, 
and  lastly  phanerogams.  This  progression  is  quite  in  accordance  with  physiological 
facts. 
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our  body  of  tliis  substance,  which  is  tiuceasiugly  generated  in  our 
tissues.  It  is  not  fit  for  breathing  purx^oses,  and  all  animals  and  plants 
perish  in  a  confined  atmosphere  when  the  proportion  of  this  gas  rises 
above  a  very  limited  ratio.  An  atmosphere  which  contains  one  per  cent 
carbon  dioxide  has  evil  effects  upon  most  organisms,  and  when  the 
ratio  is  ten  per  cent,  life  is  endangered  and  death  only  a  matter  of  time. 
Carbonic  acid  is  of  no  use  at  all  to  the  tissues,  and  when  we  breathe 
in  an  atmosphere  where  this  gas  is  abundant,  the  blood  corpuscles  are 

not  able,  in  the  lungs,  to  get  rid  of  the  carbon  dioxide  they  have  col- 
lected in  the  body;  so  they  keep  it,  and,  keeping  it,  they  can  not  take 

with  them  the  amount  of  oxygen  necessary  for  the  cells  and  tissues. 
It  may  be  asked  why  they  keep  the  former.  The  reason  is  that  gas 
exchanges  between  the  blood  and  the  atmosphere  depend  upon  the 
amount  or  tension  of  the  gas  in  both  media.  As  soon  as  the  tension  of 
carbonic  acid  in  the  atmosphere  is  greater  than  that  of  the  same  gas 
in  the  blood,  the  blood  corpuscles  retain  their  carbonic  acid.  If  the 
amount  of  carbonic  acid  in  the  atmosphere  is  increased,  its  tension 
becomes  at  some  point  superior  to  that  of  the  same  gas  in  the  blood 
corpuscles.  These,  then,  retain  the  noxious  gas  which  takes  the  place 
which  should  be  abandoned  to  oxygen.  The  result  is  death  by 
asphyxia.  Before  death  supervenes  a  condition  of  anaethesia  is  induced, 

which  Bichat  siDCcially  investigated  by  means  of  an  ingenious  exx)eri- 
ment,  through  which  the  venous  blood — well  provided  with  carbonic 
acid,  of  course — of  one  animal  was  made  to  pass  into  the  carotid  and  cer- 

ebral arteries  of  another,  so  that  the  latter  had  its  brain  irrigated  with 
asphyxic  blood,  and  was  brought  to  a  condition  of  anaesthesia.  Even 
when  applied  locally  to  the  surface  of  the  skin,  carbon  dioxide  induces 
a  state  of  local  and  temporary  insensibility,  a  fact  which  seems  to  have 
been  long  known  and  frequently  utilized.  Pliny  relates  in  his  IsTatural 
History  that  marble  (carbonate  of  lime),  when  mixed  with  vinegar  and 
placed  upon  the  skin,  puts  the  latter  to  sleep,  i.  e.,  renders  it  insensible, 
so  tbat  it  may  be  cut  and  burned  without  inducing  pain.  In  this  case 
the  anaesthetic  agent  is  carbon  dioxide,  which  is  set  free  by  the  action 
of  the  acetic  acid  of  the  vinegar  upon  the  carbonate  of  lime. 
When  carbon  dioxide  acts  upon  the  entire  organism,  as  when  it  is 

inhaled  by  the  lungs,  it  induces  general  anaesthesia.  This  has  been 
investigated  by  a  number  of  physiologists,  and  one  among  them,  M. 
Ozanam,  has  found  it  so  satisfactory  that  he  feels  no  hesitation  in 
commending  it  as  a  substitute  for  ether  or  chloroform.  His  advice  has 
never,  to  my  knowledge,  been  followed  by  surgeons  or  physiologists, 
and  some  doubt  may  be  expressed  as  to  the  expediency  of  using  for 
surgical  or  other  purposes  so  dangerous  an  agent.  Some  cases  are 
known  in  which  man  has  been  deej^ly  under  the  influence  of  carbon 
dioxide  without  fatal  results.  In  such  circumstances,  anaesthesia  has 
been  complete.  The  patients  relate,  at  least  some  of  them,  that  before 
becoming  unconscious  there  occurs  a  delightful  condition  during  which 
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tbey  seem  to  be  suiTounded  by  a  host  of  very  brilliant  liglits,  while 
exquisite  music  is  played  by  some  invisible  orchestra.  But  this  state 
is  of  short  duration,  and  total  unconsciousness  soon  occurs,  which,  if 
the  toxic  gas  keeps  on  accumulating  in  the  blood,  is  rapidly  converted 
into  eternal  sleep.  Cases  of  death  by  carbonic  acid  are  not  infrequent  5 
they  are  met  with  particularly  in  the  vicinity  of  fermenting  liquids, 

such  as  brewers'  vats  or  wine  cellars;  in  places  where  carbon  dioxide  is 
naturally  exhaled  by  "gas  springs;"  by  thermal  springs  in  some  caves 
or  grottoes,  and  in  all  ill- ventilated  rooms  where  a  proportionately  large 
number  of  men  or  animals  are  gathered.  In  lecture  and  assembly 
rooms,  which  are  often  crowded,  air  vitiates  rapidly;  in  theaters,  in 
schools,  in  lecture  halls,  as  much  as  10  parts  per  thousand  of  carbonic 
acid  has  been  observed,  and  in  Alpine  stables,  as  before  referred  to, 
where  animals  and  men  were  crowded  together,  each  seeking  some 
warmth  in  the  close  vicinity  of  his  neighbor,  the  ratio  of  21  parts  per 

thousand  has  been  recorded.^  Such  atmosphere  is  toxic,^  and  proofs 
thereof  are  not  wanting. 

^M.  G.  H.  Richards,  of  the  Massachusetts  Institute  of  Technology,  has,  during 
nine  years  past,  made  some  5,000  analyses  of  the  air  of  lecture  rooms.  The  nor- 

mal average  proportion  of  carhouic  acid  in  external  air  is  between  3.7  and  4.2  per 

10,000.  In  buildings,  the  proportion  increases  according  to  circumstances.  For 
instance,  in  empty  rooms  it  is  higher  by  0.  5  on  the  average  in  consequence  of  the 
decomposition  of  organic  matter,  which  always  remains  after  the  passage  of  any 
number  of  human  beings,  in  the  cracks  of  the  floor,  on  the  walls,  etc.  In  the  parts 

of  the  building  where  peoxde  come  and  go,  without  stopping  for  any  considerable 
time,  the  ratio  is  a  little  higher,  and  becomes  5  per  10,000.  In  lecture  rooms  things 
are  at  the  worst,  as  might  be  expected,  and  the  ratio  is  6  or  8  and  occasionally  10 
or  12  volumes  of  carbonic  acid  per  10,000  of  air.  If  such  proportions  are  exceeded, 

work  becomes  difficult  and  unprofitable.  Each  adult  exhales,  ou  an  average,  accord- 
ing to  Andral  and  Gavarret,  some  22  liters  of  carbon  dioxide  per  hour,  so  that  a 

man  breathing  in  a  confined  space  3  meters  long,  2  meters  high,  and  2  meters  wide 

would  in  twenty-four  hours  transform  the  whole  of  the  air  of  this  space  into  an 
air  having  exactly  the  composition  of  that  exhaled  from  the  lungs.  It  must  not 
be  forgotten  that  each  gaslight,  on  an  average,  produces  128  liters  of  carbon  dioxide 
per  hour,  and  10  grams  of  candle  produce  14  liters.  Under  such  circumstances  no 
one  can  wonder  that  the  atmosphere  becomes  so  soon  vitiated  in  rooms  where  any 
considerable  number  of  persons  are  assembled. 

-It  is  toxic  in  its  natural  condition,  by  which  is  meant,  if  oxygen  is  present  in  it 
only  in  the  usual  proportion.  But,  experimentally,  such  atmosphere  may  be  pre- 

vented from  becoming  dangerous  if  its  composition  is  altered  by  an  addition  of 

oxygen.  Regnault  and  Reiset  have  seen  dogs  and  rabbits  live  in  an  atmosphere  con- 
taining 25  per  cent  carbon  dioxide,  30  to  40  per  cent  oxygen,  and  about  40  per  cent 

nitrogen.  Even  without  increasing  the  ratio  of  oxygen,  animals  may  live  a  short 

time  in  an  atmosx)here  containing  a  large  proportion  of  carbon  dioxide — 30  per  cent, 
for  instance,  oxygen  being  16  per  cent  (Le  Blanc) ;  and  Snow  has  seen  birds  withstand 

some  time  the  effects  of  an  atmosphere  containing  21  per  cent  oxygen,  59  nitrogen 
and  20  carbonic  acid.  But  these  experiments  can  not  have  any  considerable  dura- 

tion, and  the  average  limit  of  respirable  atmosphere  is  set  by  the  composition  of 
expired  air.  An  atmosphere  containing  4  per  cent  carbon  dioxide,  16  per  cent 
oxygen,  and  80  per  cent  nitrogen  is  inadequate  to  long  maintain  life.  A  lamp  is 
soon  extinguished  in  such  an  atmosphere,  but  man  may  live  in  it  for  a  short  time. 

To  avoid  any  danger  of  the  vitiation  of  air,  hygieuists  are  agreed  that  more  is 
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For  instance,  during  the  wars  in  India,  146  prisoners  were  one  even- 

ing at  8  o'cloclv  slint  up  in  a  small  room.  Out  of  the  number  only  50 
were  still  living  at  2  o'clock  next  morning,  and  at  daybreak  only  23,  all 
dying.  Again,  after  the  battle  of  Austerlitz,  out  of  300  prisoners  con- 

fined in  an  ill-ventilated  cellar,  260  died  in  a  few  hours  through 
asphyxia,  induced  by  an  excessive  proportion  of  carbon  dioxide.  And 

at  the  celebrated  Oxford  assizes  (the  ''fatal"  or  ''black"  assizes  in  1557), 
the  high  sheriff  and  300  other  persons  died  suddenly  in  court  from 
asphyxia  induced  by  the  same  means.  It  may  be  that  in  these  cases 
some  other  influence  was  also  at  work,  and  that  some  exhaled  substance 

similar  to  that  which  Brown-Sequard  and  d'Arsonval  thought  they  had 
detected,  added  its  influence  to  that  of  carbonic  acid  5  but  the  existence 
of  this  substance  has  not  yet  been  proved,  although  it  seems  probable. 

Other  cases  of  poisoning  by  carbonic  acid  are  met  with  in  natural  con- 
ditions. Men  and  animals  are  occasionally  killed  by  such  gas,  exhaled 

by  neighboring  springs  and  accumulated  in  hollows  or  small  valleys. 

Such  "death  valleys"  have  been  described  by  many  travelers,  ^o 
plant  is  seen,  not  a  blade  of  grass,  not  a  shrub  or  tree.  The  soil  is 
bare,  stony,  and  as  if  struck  with  death.  Here  and  there  a  skeleton  is 

perceived  bleaching  in  the  sun — a  skeleton  of  bird,  mammal,  or  even 
man.     Ignorant  of  the  fatal  properties  of  the  valley,  animals  or  men 

required  than  the  16  to  20  cubic  meters  of  air  per  individual  per  hour,  that  was 
formerly  considered  as  sufficient.  In  the  best  ventilated  hospitals  of  Paris  100  cubic 
meters  are  provided,  but  under  normal  conditions  60  are  quite  enough  for  persons  in 
good  health.  As  a  rule,  the  atmosphere  of  a  room  may  be  considered  as  vitiated  as 

soon  as  it  begins  to  smell  close.  When  this  happens,  however,  it  must  not  be  con- 
sidered as  due  to  the  smell  of  carbonic  acid  itself,  which  is  scentless.  The  smell  of 

close  air  is  due  to  organic  substances — hitherto  undefined,  or  only  partly  known — 
which  are  exhaled  by  men  and  animals,  and  probably  more  by  the  skin  and  its 

impurities  than  by  the  lungs  themselves,  and  generally  the  amount  of  these  sub- 
stances is  considered  as  roughly  proportional  to  the  amount  of  carbon  dioxide  met 

in  the  air.  Smell  is  considered  as  indicating  approximately  the  unhealthiness  of  the 

atmosphere  as  regards  respiratory  purposes,  and  is  a  safe  enough  criterion.  When 
a  room  becomes  close,  it  should  be  thoroughly  ventilated,  and  in  such  case  a  draft 
should  always  be  established,  two  doors  or  windows,  on  different  sides  of  the  room, 
being  opened.  One  is  not  enough;  both  are  required  in  order  to  completely  expel 

the  close  air  and  replace  it  by  pure.  Generally  servants — and  masters  as  well — are 
content  with  imperfect  ventilation.  Such  is  especially  the  case  in  winter,  when  air 

is  often  vitiated  by  the  presence  of  a  gas,  carbon  monoxide,  which  is  given  off  in  very 
small  quantities  by  different  heating  apparatus,  stoves  especially.  Although  this  gas 
is  never  present  in  any  great  quantity,  it  is  a  source  of  considerable  danger;  and  in 
countries  where  slow-combustion  stoves  are  used,  it  is  each  year  the  cause  of  many 
deaths.  Carbon  monoxide  has  even  greater  affinities  for  hemoglobin  than  has  oxygen, 
it  therefore  combines  with  it  and  thus  there  is  no  j)lace  left  in  the  blood  corpuscles  for 

oxygen,  and  the  blood  then  carries  no  more  of  the  latter  gas  to  the  cells  and  tissues 
of  the  body.  This  gas  is  also  found  in  the  air  of  mines,  but  in  the  open  air  is  not 
met  with,  or  exists  in  such  small  quantities  that  it  can  not  be  detected  by  present 
methods. 
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have  wandered  there  while  in  pursuit  of  food,  and  in  the  lower  i)art, 
where  the  influence  of  wind  is  the  least  and  where  the  heavy  gas  nat- 

urally accumulates,  asphyxia  rapidly  ensues.  ^N^one  who  enter  come 
out  alive,  and  the  bird  of  prey  soaring  in  the  heights,  whose  keen  eye 
perceives  the  victim  in  the  death  struggle,  and  who  pounces  down 
upon  this  welcome  opportunity,  is  vanquished  in  turn  and  rises  no 
more. 

Fatal  to  animals  as  well  as  plants,  expelled  by  both  from  the  organ- 
ism as  soon  as  it  is  produced,  carbonic  acid  appears  to  all  under  the 

feature  of  a  death-dealing  agent,  as  a  gas  whose  toxicity  is  unquestion- 
able. The  only  word  that  can  be  said  in  its  behalf  is  that  at  the 

moment  of  death  it  may  act  a  kindly  part.  Death  in  the  majority  of 
cases,  as  a  consequence  of  disease,  is  induced  by  asphyxia.  During 
the  death  struggle  respiration  fails  gradually,  becomes  slower  and  more 
superficial,  with  the  inevitable  result  that  carbonic  acid  accumulates 
in  the  blood.  It  is  probable  that  when  man  is  about  to  fall  into  his 
last  slumber,  when  the  body  is  on  the  point  of  entering  that  final  stage 
of  dissolution  and  disintegration  which  we  call  death,  carbonic  acid 

intervenes  and  plays  its  part,  slowly  drawing  the  curtain,  gently  put- 
ting intelligence  to  sleep,  rendering  it  unconscious,  deaf  to  sound, 

insensible  to  pain,  and  by  beneficial  and  kind  ansesthesia  easing  the 
final  act  of  physical  life.  This  may  well  be  so,  and  this  gas  which 
some  physiologists  consider  one  of  the  agents  by  which  each  of  us  is 

brought  into  the  world  by  stimulating  the  contractions  of  the  mater- 
nal womb,  thus  also  assists  us  out  of  it. 

This  function,  however,  is  not  the  only  beneficial  one  which  carbonic 
acid  fulfills,  and  concerning  that  very  unwholesome  and  toxic  constitu- 

ent of  the  atmosphere  much  remains  to  be  said.  The  unfavorable  fea- 
tures have  been  put  in  full  light;  it  is  but  fair  to  do  the  same  for  the 

redeeming  traits,  and  this  shall  proceed  to  do. 
All  animals  directly  or  indirectly  feed  upon  plants,  and  plants  draw 

from  the  soil  the  greater  part  of  their  mineral  constituents.  Mtrogen 
and  oxygen  they  borrow  from  the  atmosphere.  But  what  about  car- 

bon *?  The  matter  is  important,  as  their  frame  and  tissues  contain  a 
large  quantity  of  this  substance.  Two  sources  are  available.  Carbonic 

acid — carbon  combined  with  oxygen — is  present  in  the  soil,  where  it  is 
to  be  found  combined  with  different  substances  in  the  form  of  carbon- 

ates, and  in  humus,  the  superficial  layer  of  the  soil,  made  up  of  frag- 
ments of  leaves,  of  branches,  of  roots  dead  and  decomposed,  of  mosses, 

dead  ferns,  etc.  But  we  can  not  take  into  account  the  carbon  which 
exists  in  humus,  as  the  first  plants  which  appeared  could  not  have  made 
use  of  it.  There  remain  the  carbonates  of  the  soil,  and  it  would  seem 
to  follow  that  this  must  be  where  plants  obtain  the  larger  amount  of 

the  carbon  they  use,  as  Mathieu  de  Dombasle  and  many  other  agricul- 
turists after  him  supposed.     A  number  of  experiments  by  Sprengel, 
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De  Saussure  and  others,  liave  shown,  however,  that  the  i)art  played  by 
carbonates  is  less  important,  than  was  thought,  and  more  recently  Liebig 
has  established  the  fact  that  plants  grow  and  thrive  quite  well  in  a  soil 

whence  all  carbonates  have  been  expelled.  Where  then  do  thej^  get 
their  carbon?  We  know  now  that  they  take  it  from  the  atmosphere. 
It  is  their  privilege  to  decompose  the  carbonic  acid  contained  in  air 

and  to  liberate  its  elements  •  that  is,  oxygen  which  is  exhaled  and  carbon 
which  is  retained  in  their  tissues.  And  the  cultivated  area  of  France — 

some  41,000,000  hectares — absorbs  by  this  means  some  60,000,000  tons 
of  carbon  each  year.  This  important  operation  can,  however,  be  per- 

formed only  under  three  conditions.  As  oidy  green  parts  are  capable 

of  taking  carbon  from  the  air,  the  plant  must  be  provided  with  chloro- 
phyll— that  green  substance,  which  is  the  cause  of  the  color  of  leaves,  and 

must  be  exposed  to  the  rays  of  the  sun  and  to  a  favorable  temperature. 
Chlorophyll  can  decompose  carbonic  acid  only  under  the  influence  of 
light  and  moderate  heat;  in  darkness  and  under  too  great  or  too  low 
heat  it  no  longer  acts,  and  the  result  is  that  plants  suffer  and  die, 
victims  of  inanition.  For  it  must  be  clearly  understood  that  the  chloro- 
j)hyllian  function  is  one  of  nutrition,  quite  distinct  from  the  respiratory 
function.  In  the  latter  function  plants,  like  animals,  absorb  oxygen 
and  exhale  carbonic  acid;  in  the  former  the  reverse  obtains.  The  one 

goes  on  during  night  and  day,  the  other  is  in  operation  by  daytime  only, 
and  the  function  of  nutrition  lasting  less  time  must  necessarily  be  more 
active  than  the  respiratory  process;  otherwise  the  equilibrium  would 

be  destroyed  and  the  plant  would  lose  more  than  it  acquires  and  con- 
sequently sufler. 

It  is  by  the  leaves  mainly,  and  by  the  roots  in  a  lesser  degree,  that 
atmosi^heric  carbon  dioxide  is  absorbed;  but  in  both  cases  the  gas  must 
be  brought  to  the  leaves,  to  the  parts  containing  chlorophyll,  because 

these  parts  only  can  use  it — can  take  the  carbon  and  expel  the  oxygen. 
Hence  it  follows  that  this  violent  poison,  this  gas  which  is  harmful 

for  all  organisms,  and  which  kills  them  as  soon  as  it  accumulates  in 
the  atmosphere  even  in  small  proportions,  is  essential  to  all  terrestrial 
life.  If  it  were  to  be  destroyed,  if  air  were  to  contain  no  more  of 
it,  all  i)lants  on  the  surface  of  the  earth  wotild  die  within  a  short 

period — some  weeks  at  most.  After  this,  as  a  matter  of  course,  herbiv- 
orous animals  would  die,  and  this  would  not  require  more  than  a  month. 

Carnivorous  animals  would  hold  out  a  little  longer,  as  the  stronger 
would  feed  upon  the  weak,  but  after  a  few  weeks  they  also  would 

go  in  turn,  and  only  a  few  miserable,  half-starved  specimens  of  mankind 
would  be  seen  feebly  struggling  from  one  rotting  carcass  to  another, 
amidst  as  barren  scenery  as  can  be  observed  by  looking  at  the  moon 

through  a  telescope,  and  they,  too,  would  have  to  die  soon  after,  notwith- 
standing cannibalism  or  such  other  extreme  methods  which  dire  neces- 

sity might  suggest.     In  a  few  months  all  nature  would  be  dead. 
While  carbonic  acid  is  a  poison,  a  substance  which  endangers  life 
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greatly,  it  is  also  a  necessity  for  life,  and  in  the  proportions  in  wliicli  it 
exists  in  the  atmosphere  it  is  just  as  much  a  necessity  as  it  would 
become  a  fatal  danger  if  it  were  to  be  present  in  larger  quantity. 

Such  are  the  relations  between  air  considered  from  the  chemical 

standpoint  and  life  as  it  exists  on  earth;  between  air'in  its  normal, 
un  vitiated,  average  constitution  and  life  as  it  manifests  itself  under  the 
present  circumstances. 

TV. — Biological  Influence  of  the  Atmosphere  Considered 
FROM  THE  Physical  Point  of  View. 

We  must  now  discuss  another  side  of  this  complex  question,  we  must 
deal  with  air  considered  as  a  physical  substance,  and  especially  as  a 
substance  having  weight  which  presses  upon  all  living  organisms.  This 
point  of  view  is  not  less  important  than  the  preceding,  and  deserves 
some  attention,  by  reason  of  the  relations  which  exist  between  life  and 
atmospheric  pressure. 

The  atmosphere,  as  previously  noticed,  being  a  physical  substance, 
possesses  weight,  and  exerts  a  pressure  upon  the  earth  and  all  beings 
that  inhabit  it.^ 

As  long  as  men  or  animals  keep  near  sea  level,  or  do  not  climb  to 
exceedingly  high  altitudes,  the  normal  average  variations  of  pressure, 
as  indicated  by  the  barometer,  are  of  small  influence,  and  the  much 
more  considerable  variations  Avhich  are  encountered  when  one  ascends 

mountains  or  goes  up  in  a  balloon  are  not  harmful  as  long  as  they  do 

^The  average  pressure  of  the  atmospliere  varies,  as  before  stated,  according  to  the 
altitude  of  the  locality,  and  also  in  tlie  same  locality  at  different  times.  At  the  sea 

level  this  average  pressure  amounts  to  a  little  over  a  kilogram  j)er  square  centi- 
meter, hence  the  total  weight  supported  by  an  average  man  is  about  18,000  kilograms. 

At  Mexico  the  average  weight  j)er  square  centimeter  goes  down  to  793  grams;  at 
Quito,  to  752;  at  Antisana,  to  639;  and  it  is  no  difficult  matter  to  obtain  the  figure 

which  represents  the  weight  supported  bj^  man  in  such  localities,  when  one  knows 
that  the  skin  surface  of  an  average  adult  is  somewhere  between  1,400  and  1,500 

square  centimeters.  The  physicist  Haiiy,  explaining  and  commenting  upon  the  cal- 
culations by  means  of  which  the  average  pressure  exerted  upon  the  body  is  ascer- 

tained, remarks:  "And  that  is  the  weight  which  those  philosophers  of  old  had  to 

bear  and  resist  who  denied  weight  to  the  atmosphere." 
This  weight  or  pressure  is  considerable,  but  we  do  not  feel  it,  as  all  the  interior 

parts  of  our  body  exert  the  same  pressure  and  therefore  resist  successfully  that  from 

the  outside.  It  does  not  crush  us  any  more  than  it  crushes  the  soap  bubbles,  how- 
ever thin  they  may  be,  because  in  both  cases  the  resistance  of  internal  air  or  tissues 

exactly  counteracts  that  of  external  air.  There  are  very  few  places  in  the  body 
where  the  pressure  from  within  outward  does  not  exactly  counteract  the  opj^osito 
pressure,  in  order  to  leave  all  movements  perfectly  free.  Two  exceptions,  however, 

must  be  referred  to — that  of  thepleurse,  between  which  no  counter  pressure  exists,  so 
that  they  are  compelled  by  atmospheric  pressure  to  keep  strictly  in  contact,  and  that 

of  certain  articulations,  where  the  head  of  a  bone  so  exactly  fits  into  a  correspond- 
ing cavity  that  there  is  place  for  no  air  between,  with  the  result  that  the  atmospheric 

pressure  forces  the  former  into  the  latter  and  keeps  it  there  with  sufficient  force  to 
resist  the  counteracting  weight  of  the  limb. 
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not  exceed  certain  limits.  But  beyond  these  limits  danger  exists  for 
both  animals  and  man,  and  while  the  effects  are  not  exactly  the  same 
for  all  species,  and  do  not  occur  at  exactly  the  same  altitude  with  all 
species,  or  even  individuals  of  the  same  species,  the  general  fact  remains 
that  at  high  altitudes,  or  under  very  low  pressures,  life  is  more  or  less 
endangered  from  different  causes.  In  order  to  ascertain  these  causes 
it  is  not  convenient  to  take  men  or  animals  into  high  altitudes,  as  the 
experimenter  would  be  apt  to  be  also  influenced  by  the  diminution  of 
pressure,  in  consequence  of  which  the  value  of  his  observations  might 
be  considerably  reduced.  A  better  method,  easily  available,  is  that 

used  in  laboratories,  of  providing  large  or  small  air-proof  chambers  in 
which  the  pressure  may  be  increased  or  diminished  at  will,  so  that, 
without  going  out  of  the  laboratory,  the  same  patient  or  animal  may 
be  subjected  by  turn  to  the  pressure  which  reigns  at  the  bottom  of  the 
deepest  mine,  or  even  to  far  higher  pressure,  amounting  to  800  or  1,000 
atmospheres,  and  to  that  met  on  the  top  of  the  highest  peak  of  the 
Himalayas,  or  at  twice  or  three  times  that  height  in  the  lightest  of 
balloons.  With  such  instruments  observation  becomes  easy,  and  is 
effected  under  the  most  favorable  circumstances,  as  the  operator  is  able 

to  obtain  at  a  few  moments'  notice  exactly  the  amount  of  pressure  he 
wishes  to  have. 

The  influence  of  those  extreme  pressures,  high  or  low,  where  life 
becomes  endangered,  was  very  fully  investigated  by  Jourdanet,  and 
afterwards  by  Paul  Bert,  and  those  investigations  have  taught  us  by 
what  means  they  become  dangerous.  The  limits  of  pressure  within 

which  no  harm  occurs  are  variable  according  to  species.  All  terres- 
trial and  aquatic  animals  may  and  do  resist  certain  variations  in  pres- 
sure, whether  above  or  below  the  average.  Man,  for  instance,  can 

work  at  a  kilometer  below  the  sea  level  without  any  injury,  and  he  can 
travel  to  the  height  of  5  or  6  kilometers  in  the  atmosphere  without  being 
necessarily  affected  by  the  decrease  of  pressure.  It  is  the  same  with 
birds  and  mammals,  and  surface  or  shore  fishes  may  go  pretty  deep  in 

the  seas  without  experiencing  any  unpleasant  effects,  while  deep-sea 

'fish  may  travel  upward  for  some  time  before  reaching  the  danger  line, 
so  to  speak.  But  for  all  organisms  there  are  limits  in  the  variation  of 
pressure  which  can  not  be  transgressed  with  impunity ;  there  are  limits 
beyond  which  life  is  destroyed. 

How  is  death  induced  in  such  cases'?  We  must  consider  the  two 
different  cases  in  turn,  and  shall  begin  with  the  effects  of  diminished 

pressure. 
Four  hundred  years  have  now  elapsed  since  a  Jesuit  missionary^ 

Acosta,  left  us  an  excellent  description  of  the  accidents  which  attend 
ascensions  in  high  mountains,  or  important  diminution  of  pressure* 

"While  ascending  a  mountain  in  Peru,"  writes  Acosta,  "I  was  sud- 
denly affected  by  so  strange  and  so  mortal  an  evil  that  I  nearly  dropped 

from  my  horse  to  the  ground.    *    *    *    I  was  alone  with  an  Indian,  and 
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asked  him  to  lielp  me  to  keep  on  my  animal,  and  I  was  taken  with  such 
pain,  sobbing,  and  vomiting,  that  I  thought  I  should  die,  and,  moreover 
after  having  vomited  food,  idilegm  (mucous  matter),  and  bile,  yellow 
first  and  afterwards  green,  I  even  threw  up  blood,  such  pains  had  I  in 

my  stomach;  and  I  am  sure  that  if  it  had  lasted  longer  I  would  cer- 
tainly have  died.  As  it  was  it  lasted  only  three  or  four  hours,  till  we 

had  reached  a  much  lower  region.  And  not  only  men,  but  animals  also 

were  affected."  And  further  on,  "I  feel  confident  that  the  substance  of 
the  air  in  such  places  is  so  subtle  and  thin  that  it  is  unsuitable  for  human 

respiration,  which  requires  it  thicker  and  better  adapted."  This  was 
written  three  hundred  years  before  the  time  of  Priestley  and  Lavoisier, 

and  yet  the  expressions  used  by  Acosta  are  really  most  happy.  Atmos- 
pheric air  in  the  altitudes  is  too  thin,  too  rarefied,  too  subtle  for  the 

respiration  of  superior  organisms.  The  evil  described  by  Acosta  is 
that  which,  in  different  countries  and  places,  is  named  puiia,  soroche, 
veta,  mat  des  montagneSj  mountain  sickness,  balloon  siclcness.  It  has  been 
more  recently  and  fully  described  and  investigated  by  Tschudi,  Lortet, 
and  many  others;  each  has  noticed  the  vertigo,  vomiting,  anxiety,  and 

fainting  which  characterize  it;  and  exact  experiments — those  of  Lortet 

and  Ohauveau,  among  othei's — have  shown  that  respiration  is  dimin- 
ished and  at  the  same  time  accelerated;  intense  muscular  pains  have 

been  noticed,  and  also  circulatory  and  nervous  symptoms,  which  end 
in  paralysis  and  death  if  the  perturbations  continue,  as  in  case  of  the 
Zenith  catastrophe. 

While  it  would  be  quite  superfluous  for  our  present  purpose  to  re- 
view the  opinions  which  have  at  different  times  been  entertained  con- 

cerning the  cause  of  these  dangerous  perturbations,  we  may  briefly 
summarize  the  explanation  thereof  recently  given  by  Paul  Bert  and 
others. 

This  is  quite  simi)le.  The  symptoms  and  death  are  due  to  a  diminu- 
tion in  the  tension  of  oxygen,  which  is  itself  due  to  the  rarefaction  of 

that  gas.  As  everyone  will  understand,  if  the  same  volume  contains 
in  high  altitudes  less  weight  of  air  than  in  low  altitudes  or  at  the  sea 

level,  it  follows  that  in  the  former  condition  there  is  less  air  avail- 
able, less  of  each  constituent,  less  oxygen.  In  the  heights  of  the 

atmosphere  air  is  made  up  of  the  same  elements  as  below,  but  they  are 
less  in  quantity  although  the  proportions  are  the  same;  air  is  dilated, 

rarefied,  thinner,  less  dense,  and  of  the  essential  element — oxygen — 
a  smaller  quantity  is  inhaled  at  each  respiratory  movement,  although 
the  volume  of  inspired  air  is  the  same.  Under  such  circumstances,  as 

Paul  Bert's  investigations  go  to  show,  decrease  of  pressure  kills,  not 
mechanically,  but  by  a  chemical  process.  High  altitudes  kill  because 
they  induce  a  state  of  anoxyhiemia,  a  state  in  which  the  blood  is 

deficient  in  oxygen.  The  animal — or  man — in  rarefied  aii',  dies  for  the 
same  reason  that  one  dies  in  a  confined  atmosphere;  in  both  cases 
there  is  an  insufficiency  of  oxygen. 

229a   4 
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Another  cause  also  operates,  in  the  case  of  fishes  or  other  aquatic 
animals  that  live  at  great  depths,  when  they  happen  to  rise  too  near 
the  surface,  thus  coming  from  high  to  low  pressure.  The  gases  of  the 
body,  dissolved  in  the  liquids  (blood,  etc.),  have  a  higher  tension  than 
the  outside  pressure,  and  the  result  is  that  these  gases  expand  and 
burst  the  tissues  within  which  they  are  contained  when  the  exterior 
pressure  becomes  less  than  that  which  reigns  in  the  interior.  The  case 
Is  exactly  that  of  a  bladder  inflated  with  air  placed  in  the  receiver  of 

an  air  pump;  if  the  air  of  the  cylinder  is  gradually  exhausted,  the  blad- 
der swells  until  it  explodes.  This  is  an  extreme  case,  which  hardly 

occurs  under  natural  conditions,  but  other  accidents  of  a  similar 
nature,  which  are  explained  by  the  same  mechanism,  often  do  occur 
in  man  or  animals,  as  we  shall  show  further  on. 

We  can  not  leave  this  subject  without  adding  a  few  words  concern- 
ing mountain  sickness.  It  is  a  well-known  fact  that  at  the  same  alti- 
tude different  aeronauts  or  tourists  are  not  equally  affected.  Of  course 

this  statement  refers  only  to  moderate  altitudes,  between  3,000  and 
4,000  meters.  At  the  very  same  place,  on  the  same  day,  one  person  is 
a  victim  to  mountain  sickness  and  another  is  not.  As  only  individuals 
of  the  sanie  species  are  compared,  the  reason  of  the  difference  can  only 
lie  in  persoual  or  individual  peculiarities;  no  specific  physiological 
differences  can  exist  such  as  those  met  with  when  one  compares  the 
influence  of  one  and  the  same  agency  or  poison,  etc.,  upon  individuals 
of  different  species;  there  is  no  evident  and  tangible  cause  such  as 
that  which  one  detects  when  comparing  the  resistance  of  the  duck  and 
of  the  common  fowl  to  submersion,  when  the  greater  resistance  of  the 
former  is  due  to  its  greater  amount  of  blood,  and  consequeutly  more 
considerable  provision  of  oxygen.  There  are  doubtless  physiological 
differences  of  real  ioiportance  between  different  individuals  belonging 

to  the  same  species,  and  between  different  varieties  of  the  same  spe- 
cies; considered  in  toto  those  differences  are  more  important  and  more 

frequent  than  commonly  supposed,  and  probablj'  more  important  than 
those  external  morphological  characters  which  are  the  bases  of  classi- 

fication at  present.  But  such  important  differences  can  not  obtain 
between  two  individuals  belonging  to  the  same  species,  and  the  fact 
that  they  may  occur  one  day  and  be  wanting  a  week  later,  shows  that 
they  are  merely  accidental  and  temporary. 

Mountain  sickness  is  due  to  a  condition  of  asphyxia,  as  already 

noticed,  and  tliis  fact  explains  the  differences  referred  to,  as  an  ingen- 
ious experiment  performed  by  M.  Paul  Eegnard  amply  shows.  This 

experiment  was  suggested  by  the  proposal,  made  by  a  company,  to 

build  a  lift  by  which  to  reach  the  top  of  the  Jungfrau,  the  well-known 
Alpine  peak.  Before  setting  to  work,  it  was  desirable  to  ascertain 
whether  the  passage  from  low  to  high  altitude  would  not  produce 

unpleasant  symptoms  in  the  tourists  using  the  lift,^  and  to  show  that 

^The  lift  was  to  be  establisTied  ia  vertical  shafts  from  a  horizontal  tunnel  at  the 
base  of  the  mountain,  to  the  top. 
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under  the  circumstances  attending  the  excursion,  mountain  sickness 

was  not  to  be  feared.  M.  Eegnard's  experiment  answers  this  question. 
As  far  as  physiologists  are  concerned,  the  question  was  settled,  but  the 

general  public  required  to  be  satisfied  npon  this  point.  The  experi- 
ment is  easily  repeated  in  any  laboratory,  and  it  is  quite  unnecessary 

to  ascend  Mont  Blanc  or  the  Himalayas  for  the  purpose.  All  that  is 

required  is  a  glass  bell  jar,  an  exhausting  pump,  and  a  pair  of  guinea 

pigs.  The  bell  jar  must  be  rather  wide,  and  it  is  placed — inverted — 
upon  a  smooth  and  even  surface,  such  as  that  which  can  be  afforded  by 
a  thick  pane  of  glass. 

The  edge  of  the  jar  is  smeared  with  tallow,  so  that  when  placed  upon 
the  pane  the  access  of  air  is  entirely  i^revented.  Under  it  are  the  two 
guinea  pigs.  One  is  free  and  does  as  he  chooses;  the  other  is  placed 
in  a  small  treadmill  where  he  is  compelled  to  exert  himself  somewhat 
in  order  to  preserve  his  equilibrium,  as  the  treadmill  is  made  to  turn; 
round  by  means  of  electricity.  The  two  animals  represent,  the  first^ 
an  aeronaut,  or  a  person  quietly  sitting  in  a  lift  where  no  exertion  is 
required;  the  other,  a  mountain  climber,  who  has  to  expend  energy, 
and  to  work  if  he  wants  to  get  to  the  top;  and  now  both  must  be 
placed  in  a  condition  similar  to  those  which  obtain  in  high  altitudes.  A 
few  strokes  of  the  air  pump  connected  with  the  bell  are  enough  to  bring 
the  pressure  to  correspond  exactly  with  that  which  exists  at  2,000,  at 

3,000,  at  4,000  meters  height,  and  a  manometer  shows  the  pressure  pro- 
duced. So  this  experiment  begins,  and  the  atmosphere  within  the  bell 

is  slowly  rarefied,  as  would  happen  in  the  case  of  a  slowly  ascending 
lift  or  mountain  climber,  and  because,  also,  rapid  decrease  of  iDressure 
would  be  most  dangerous.  Up  to  the  decrease  of  pressure  which  cor- 

responds to  a  3,000  meters  altitude  both  animals  remain  quite  well, 
the  one  who  works  his  way  up,  so  to  say,  as  well  as  the  other  who 
keeps  quiet  or  only  walks  a  few  paces  to  the  right  or  left.  The  process 
is  continued  and  the  rarefaction  increased.  Before  the  pressure  corre- 

sponding to  4,000  meters  altitude  is  attained,  however,  the  ''working'^ 
guinea  pig  manifests  evidence  of  physiological  discontent.  Now  and 
then  he  stumbles,  and  does  not  exactly  keep  pace  Avith  the  treadmill; 
he  even  rolls  over  and  is  clearly  out  of  breath.  When  the  manometer 

shows  the  pressure  to  be  that  which  corresponds  to  a  4,C00  meters  alti- 

tude (210  meters  less  than  the  altitude  of  Mont  Blanc),  this  guinea  pig- 
is  entirely  disabled.  Ee  can  walk  no  more;  rolls  on  his  back,  and  is 
rolled  by  the  treadmill;  ho  moves  no  longer.  In  fact,  he  seems  quite 
dead.  Life  is  not  extinct,  though,  and  the  animal  moves  when  air  is 
again  let  into  the  jar.  The  other  animal  is  in  an  excellent  state  of 

health.  At  no  moment  has  he  jn^eseuted  the  slightest  sj^mptoms;  he 
nibbles  at  cabbage,  and  seems  quite  unconcerned  with  the  experiment. 
It  does  not  affect  him  in  the  least. 

It  may  then  be  considered  as  settled  that  the  quantity  and  quality  of 
the  air  contained  in  the  jar  are  quite  sufficient;  that  they  are  adequate 
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to  maintain  life.  And  if  one  of  the  guinea  pigs  exhibits  symptoms 
of  asphyxia,  these  are  not  ascribable  to  tlie  nature  of  the  atmosphere. 
If  the  experiment  is  pursued  and  air  further  rarefied,  it  is  not  until 
the  decrease  of  pressure  corresponds  to  that  which  obtains  at  the  top 
of  some  peaks  of  the  Himalayas  (8,000  meters,  the  altitude  attained 
by  Glaisher,  but  in  a  state  of  unconsciousness)  Chat  the  hitherto 
unaffected  guinea  pig  shows  symptoms  of  asphyxia.  Such  symptoms 
were  certain  to  occur,  since  the  quantity  of  air  was  decreasing  all  the 
time  and  must  at  some  moment  become  insufficient.  And  now  the 

experiment  has  proceeded  far  enough,  as  there  is  no  necessity  at  all  for 

killing  the  animals,  and  death  must  surely  be  the  result  if  the  experi- 
ment is  allowed  to  continue;  air  is  now  let  in  slowly.  Both  animals 

recover  entirely,  the  latter  in  shorter  time  than  the  former. 

Now,  what  does  the  experiment  show?  It  shows  that  in  itself  alti- 
tude or  the  decrease  of  pressure  corresponding  to  altitude  within  the 

limits  of  3,000,  1,000,  5,000  meters  or  even  more  (under  8,000  meters) 
is  not  sufficient  to  induce  asphyxia  and  the  symiJtoms  of  mountain 
sickness.  The  proof  thereof  lies  in  the  fact  that  the  inactive  guinea 
pig  exhibited  no  asphyxic  symptoms  at  such  altitudes.  At  8,000  meters 
these  made  their  appearance.  They  were  unavoidable.  They  might 

have  begun  a  little  earlier,  they  might  begin  a  little  later — that  is,  at 
rather  lower  or  rather  higher  pressure — according  to  the  species  and 
individual;  but  it  is  certain  that  for  all  organisms  there  is  a  limit  in  the 
heights  of  the  atmosphere  above  which  air  is  too  rare  and  tenuous  to 
maintain  life,  and  asx)liyxia  must  ensue.  This  first  fact,  however,  was 

already  known,  and  M.  P.  Kegnard's  experiment  proves  nothing  new  in 
that  line.  Wbat  it  shows  is  that  muscular  effort  hastens  the  produc- 

tion of  asphyxia  or  mountain  sickness,  and  of  this  the  active  guinea 
pig  provides  an  excellent  demonstration.  Now,  muscular  effort  hastens 
asphyxia  or  mountain  sickness  because  it  is  itself  a  cause  of  relative 
asphyxia.  The  organism  that  works  and  expends  energy  uses  more 
oxygen,  and  therefore  needs  more  than  that  which  keeps  quiet.  The 

panting  which  follows  running,  or  is  the  consequence  of  rapid  mus- 
cular work  with  the  arms,  legs,  or  whole  body,  of  violent  exercise, 

proves  that  the  body  requires  more  oxygen,  and  if  the  expired  gases 
are  analyzed  it  is  shown  that  carbonic  acid  exhalation  is  increased,  and 
it  is  clear,  therefore,  that  more  oxygen  is  required,  since  the  oxygen 
contained  in  carbonic  acid  is  borrowed  from  the  iniialed  air. 

M.  P.  Kegnard's  guinea  pigs  are  exact  representations,  the  one  of  the 
aeronaut  or  of  the  person  in  the  lift,  the  other  of  the  Alpine  climber; 
and  since  muscular  exertion  alone  induces  a  state  of  incipient  asphyxia 
it  is  to  be  expected  that  in  rarefied  air,  which  itself  tends  to  the  same 
end,  that  condition  should  occur  quicker  in  the  organism  which  by  its 
activity  goes,  as  one  may  say,  to  meet  it. 

Practical  conclusions  are  easily  drawn  from  this  demonstration.  There 
is  no  reason  for  the  persons  who  may  be  carried  up  the  Jungfrau  in  the 
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projected  lift  to  fear  the  effects  of  altitude.  The  example  of  tlie  inac- 
tive guinea  pig  assures  them  of  immunity,  and  except  in  some  almost 

impossible  cases  of  anaemia  or  weakness  they  will  experience  no  dis- 
comfort. On  the  other  hand,  incipient  alpinists  must  perceive  that 

the  advice  commonly  given  by  guides  has  a  solid  foundation.  The 
example  of  the  active  guinea  pig  shows  them  that  ascensions  must 
be  performed  slowly,  without  haste,  without  great  exertion,  without 
getting  out  of  breath.  To  be  out  of  breath  means  incipient  asphyxia, 
and  asphyxia  means  mountain  sickness.  So  the  excursionist  must 
learn  to  climb  slowly,  with  careful  and  measured  step. 

In  brief,  high  altitudes  must  unavoidably  bring  on  asphyxia  and 
mountain  sickness,  but  at  moderate  altitudes  both  are  avoidable  by 

reducing  the  exertion;  they  may  be  brought  on  by  increasing  one's 
efforts,  and  it  is  only  by  assuming  the  nearly  i)erfect  immobility  of  the 
aeronaut  that  one  can  hope  to  attain  without  discomfort  the  highest 
altitudes,  since  it  is  during  such  immobility  that  the  organism  needs 
least  air. 

Having  considered  the  case  where  an  animal  or  man  passes  gradu- 
ally from  a  low  to  a  high  level,  we  must  now  turn  to  another,  that  in 

which  the  change  is  sudden  or  extremely  rapid.  This  is  not  exceptional, 
but  does  not  occur  in  the  course  of  mountain  climbing,  for  obvious 

reasons;  and  in  the  case  of  balloon  ascents,  where  it  would  seem  to 
be  of  common  occurrence,  we  rarely  hear  of  any  serious  inconvenience 
experienced,  although  the  balloon  often  seems  to  rise  very  rapidly. 
The  truth  is  that  it  rises  rapidly  to  a  moderate  altitude  only,  and 
that  it  gets  into  really  high  altitudes  only  after  a  lapse  of  time  quite 
sufficient  for  adaptation.  To  encounter  cases  of  rapid  decrease  of 
pressure,  we  must  turn  in  another  direction,  and  we  find  examples 
where  men  work  under  high  pressure,  for  instance,  in  diving  bells, 
under  the  surface  of  the  sea  or  of  a  river,  to  explore  a  wreck  or  build 
the  foundations  of  a  pier  or  bridge.  Here,  in  order  to  counteract  the 
great  pressure  overhead,  that  of  the  water  added  to  the  normal  sea- 
level  pressure — and  every  ten  meters  in  depth  of  water  adds  the  pres- 

sure of  one  atmosphere — air  must  be  forced  into  the  bell  or  diving  appa- 
ratus, and  the  men  are  subjected  to  a  total  pressure  amounting  to  three 

or  four  atmospheres.  As  it  sometimes  accidentally  happens  that  the 
passage  from  this  high  pressure  to  the  normal  air  is  very  rapid,  the  study 
of  the  results  is  instructive  for  the  present  purpose.  These  are  often 
most  unfavorable  and  death  not  uncommonly  ensues.  The  same  occurs 

when  an  animal  in  a  bell  jar  is  rapidly  subjected  to  a  decrease  of  pres- 
sure, or  when,  in  a  bell  jar,  where  an  animal  has  been  placed  and  the 

pressure  gradually  increased  by  forcing  air  into  it,  the  pressure  is  sud- 
denly decreased  merely  by  allowing  the  air  to  escape  into  the  atmos- 

phere. In  both  cases,  and  in  fact  in  all  cases  where  the  passage  from 
relatively  high  to  comparatively  low  pressure  is  rapid  or  quite  sudden, 
symptoms  arise  which  are  generally  fatal.     The  animal  falls  on  its  side 



54  AIR    AXD    LIFE. 

and  dies,  even  if  tlie  final  pressure  is  one  which,  if  brought  ou  slowly, 
would  not  be  injurious  to  life.  The  danger  lies  only  in  the  rapidity  of 
the  change. 

Post-mortem  examination  of  the  victim  affords  a  clue  to  the  cause  of 
death,  and  makes  all  symptoms  clear  and  intelligible.  We  find  gas  or 
air  in  free  condition  under  the  skin,  in  the  tissues,  in  the  blood  vessels; 
this  we  never  observe  under  normal  conditions.  These  gases  are  the 
cause  of  death.  All  tissues,  and  the  blood,  of  course,  contain  at  all 

times  gaseous  matters — oxygen,  nitrogen,  carbonic  acid — either  dis- 
solved in  the  liquids  or  combined  with  hemoglobin  in  the  blood,  and 

the  amount  of  these  gases  varies  according  to  external  pressure, 
according  to  the  tension  of  atmosphere,  ^ow,  if  the  atmospheric 
pressure  decreases  gradually,  the  tension  of  the  gases  of  the  organism 
decreases  accordingly;  and  they  escape  gradually  into  the  atmosphere 

without  making  any  trouble.  But  if  the  decrease  is  sudden,  this  grad- 
ual escape  can  not  be  effected;  the  liberated  gases  have  no  time  to 

escape;  the  result  is  that  they  accumulate  in  all  parts  of  the  body, 
and  in  the  circulatory  system  they  obstruct  small  vessels  and  paralyze 

the  heart.^  Such  accidents  are  not  uncommon  among  the  workmen 
referred  to,  and  this  is  the  reason  why  they  are  always  advised  to 
come  up  slowly  to  the  surface,  and  the  deeper  they  have  been  the 
slower  the  change  should  be.  They  have  little  to  fear  from  working  in 
compressed  air  at  2,  3,  or  4  atmospheres:  the  danger  lies  in  the 
decrease  of  pressure,  which,  if  sudden,  is  generally  fatal.  As  they  say 

in  their  own  language,  ''You  have  to  pay  only  when  you  come  out.'- 
So  much  for  decrease  of  pressure,  rapid  or  slow.  In  the  one  case 

it  injures  by  a  deficiency  of  oxygen,  by  anoxyhiemia,  and  the  only 
way  to  counteract  its  effects  is  to  be  provided  with  a  supply  of  oxygen 
of  which  small  amounts  may  be  inhaled  now  and  then.  Aeronauts 

intending  to  attain  very  high  altitudes  can  not  do  without  such  a  pro- 
vision, and  it  is  their  custom  now  to  always  take  with  them  a  supply 

of  oxygen.  In  the  other,  the  injury  is  the  result  of  a  quite  different 

process,  purely  mechanical,  the  sudden  liberation  of  gases  in  the  tis- 
sues and  especially  in  the  blood,  where  they  immediately  interfere  with 

the  circulation,  and  sto^)  the  heart's  action.  When  moderate  pressure 
suddenly  follows  high  pressure,  anoxyh?emia  plays  no  part,  and  only 
the  mechanical  effects  occur:  if  low  i^ressure  follows  moderate  and 
sufiicient  i^ressure.  anoxyhiemia  alone  occurs  if  the  passage  is  slow; 

anoxj^hcTmia  and  the  mechanical  liberation  of  gases  ensue  if  the  pas- 
sage is  rapid  and  sudden.  In  both  cases,  decrease  of  pressure  inter- 
feres with  life. 

Let  us  now  consider  the  reverse  case,  that  of  an  increase  of  pressure. 
Under  normal  circumstances  such  increase  is  always  unimportant. 

'Just  as  air,  even  in  very  small  quantity,  drawn  iutlie  circulatory  system  through 
some  lesion  of  the  venous  system  near  the  heart  induces  death  in  a  few  seconds,  as 

all  physiologists  know. 
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Even  at  the  bottom  of  tbe  deepest  mines,  although  pressure  is  appreci- 
ably increased,  this  increase  can  not  be  considered  as  exerting  tlie 

slightest  evil  influence,  and  its  physiological  effects  are  practically  nil. 
The  increase  of  pressure  is  much  more  important  in  the  case  of  diving 
bells,  and  it  is  among  workmen  who  are  engaged  in  the  building  of 
piers  and  wharves,  or  in  the  exploration  of  wrecks,  that  we  must  search 
for  information  concerning  the  effects  of  high  atmospheric  pressure, 
unless  we  turn  to  animals  exi)erimentally  subjected  to  such  condition 
in  bell  jars  connected  with  forcing  pumps.  When  the  increase  is 
slight,  the  effects  are  also  slight.  Some  buzzing  in  the  ears,  some 
bleeding  at  the  nose,  and  a  slight  numbness  in  the  limbs  are  those 
which  are  most  api)reciable.  But,  at  the  same  time,  the  respiration 
and  circulation  are  slower.  In  some  cases  there  occurs  an  abnormal  ex- 

citation of  the  nervous  system  similar  to  that  observed  during  acute 
alcoholism.  Such  accidents  are  quite  naturally  ascribed  to  an  increase 
in  the  tension  of  carbonic  acid,  which  accumulates  in  the  system  and 
determines  incipient  asphyxia.  This  interpretation  is  correct  as  long 
as  the  increase  of  pressure  is  moderate.  But  when  the  increase  of 
pressure  is  considerable,  when  we  have  to  deal  with  pressure  of  six  or 
more  atmospheres,  the  case  is  altered,  and  the  cause  of  the  symptoms 

is  different.  This  is  shown  by  Paul  Bert's  various  experiments.  In 
order  to  delay  the  effects  of  increase  of  pressure,  he  added  pure  oxygen 

to  the  atmosphere  inspired  by  tlie  animals  experimented  upon,  expect- 
ing by  this  means  to  prevent  the  toxic  influence  of  carbonic  acid.  He 

was,  therefore,  considerably  surprised  when  he  perceived  that  this 
had  no  other  result  than  to  hasten  the  fatal  issue.  He  then  proceeded 
to  a  careful  analysis  of  the  symptoms  and  phenomena,  and  perceived 
that  when  the  pressure  is  over  6  atmospheres  the  oxygen  contained 
in  the  atmosphere,  acquiring  a  high  tension,  becomes  a  poison.  And 
none  can  wonder  at  this.  An  increase  of  the  proportion  of  oxygen 
under  normal  pressure  is  attended  by  toxic  symptoms;  an  increase 
in  the  pressure  of  oxygen,  which  amounts  to  the  sauje  thing,  must 
exert  the  same  influence.  And  the  i)roof  that  oxygen  is  the  only  cul- 

prit lies  in  the  fact  that  an  animal  can  perfectly  well  endure  a  pres- 
sure of  20  atmosi^heres  if  the  air  is  i^oor  in  oxygen,  if  oxygen, 

being  less  in  quantity,  has,  in  the  mixture,  a  tension  which  does  not 

exceed  that  which  the  normal  amount  of  oxygen,  in  normal  air,  pos- 
sesses under  normal  pressure.  Under  increased  tension,  as  well  as  in 

increased  proportion — for  both  conditions  are  identical  as  far  as  physi- 
ology is  concerned — oxygen  is  a  poison,  and  a  very  dangerous  one,  and 

this  is  the  reason  why  man  and  animals  die  in  a  normal  atmosphere, 
when  the  pressure  exceeds  certain  limits.  Be  it  rapid  or  slow,  consid- 

erable increase  of  pressure  kills  through  the  agency  of  oxygen  and  of 
its  toxic  properties,  by  reason  of  oxygen  being  dissolved  in  the  blood 
serum.  If  we  leave  out  of  consideration  those  cases  where  the  varia- 

tions of  pressure  are  rapid,  and  where,  as  is  the  case  with  rapid  decrease 
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of  pressure,  a  purely  mecbauical  element  comes  into  play,  one  sees 

that  gradual  variations  operate,  not  phj^sically  nor  mecbanically,  but 
in  a  purely  chemical  manner,  by  putting  the  organism  under  the  influ- 

ence of  an  atmosphere  too  rich  or  too  poor  in  oxygen. 

It  must  be  added  that  in  this  case,  as  well  as  in  many  others,  adapt- 
ive phenomena  occur.  The  Indians  and  animals  of  the  South  American 

Cordilleras  are  unaffected  by  mountain  sickness  which  attacks  the 
unaccustomed  traveler,  and  animals  of  the  abysses  of  the  sea  live  and 
thrive  under  pressures  which  no  terrestrial  or  shore  animal  could  endure. 

This  fact  of  adaptation  to  altitude,  which  is  confirmed  by  the  other 
fact  that  there  are  villages  or  cities  permanently  inhabited  by  man  at 
3,000  and  4,000  meters  above  sea  level,  has  long  been  well  known. 
It  has  especially  attracted  the  attention  of  a  French  physiologist,  Dr. 

Jourdanet,  who  discovered  most  of  the  facts  which  Paul  Bert  investi- 
gated later,  but  the  mechanism  of  the  phenomena  has  been  only 

recently  explained.  Jourdanet  supposed  that  the  inhabitants  of  low 
levels,  when  transferred  to  high  levels,  meeting  with  low  pressure  and 

consequently  a  small  proportion  of  oxygen,  became  affected  by  anoxy- 
hsemia,  a  state  characterized  by  the  inability  of  the  red  blood  cor- 

puscles to  absorb  a  sufficient  proportion  of  oxygen— In  brief,  incipient 
asphyxia. 

In  that  he  was  right;  he  also  thought  that  adaptation  is  effected  in 
the  following  manner:  If  the  evil  is  not  unbearable,  the  system  begins 
to  produce  a  larger  supply  of  blood  corpuscles;  these  can  absorb  only 

a  small  proportion  of  oxygen  to  be  sure,  but  then  they  are  more  numer- 
ous and  by  this  means  the  balance  is  restored,  and  the  system  may 

absorb  a  sufficient  quantity  of  oxygen.  Here,  again,  he  was  right,  but 
he  did  not  succeed  in  establishing  his  hypothesis  on  a  firm  basis.  The 
latter  task  was  achieved  by  Paul  Bert,  who  examined  specimens  of 
the  blood  of  Peruvian  llamas  and  vicunas,  and  proved  that  the  blood  of 

such  of  these  animals  as  live  on  the  highlands  contains  a  larger  pro- 
portion of  hemoglobin  and  of  oxygen  than  that  of  those  of  the  same 

species  living  on  the  plains  at  lower  levels.  For  instance,  100  cubic 

centimeters  of  blood  of  llamas  or  vicunas  living  on  the  highlands  con- 
tain between  19  and  21  cubic  centimeters  of  oxygen,  while  the  same 

amount  of  blood  in  animals  of  the  same  species  living  on  the  lowlands 
contains  only  12  to  15  cubic  centimeters. 

These  results  have  been  very  i)ositively  confirmed  by  the  investiga- 
tions of  MM.  Yiault,  Muntz,  and  Eegnard.  M.  Muntz  has  shown  that 

in  common  domestic  rabbits  allowed  to  go  wild  upon  the  heights  of 

the  Pic  du  Midi,  in  France,  the  blood,  after  ten  months'  sojourn  in  the 
mountain,  contains  much  more  hemoglobin  than  that  of  rabbits  belong- 

ing to  the  same  breeds  released  for  the  same  length  of  time  in  the  plains 
at  Bagneres  de  Bigorre.  But  it  may  be  objected  that  this  experiment 

is  not  as  conclusive  as  it  seems  to  be,  owing  to  the  fact  that  the  rab- 
bits of  the  Pic  du  Midi  may  have  been  surrounded  there  by  different 
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environmental  conditions  other  tlian  those  of  altitude  which  may  liave 
produced  the  observed  effects.  In  order  to  meet  this  argument  M.  Paul 

Regnard  has  devised  an  experiment  which  aff'ords  a  very  precise  and 
unassailable  demonstration.  In  this  experiment  the  only  difference  is 

a  diff'erence  in  pressure.  If  the  increase  in  the  respiratory  capacity  of 
the  blood  that  occurs  in  consequence  of  life  at  high  altitudes  is  occa- 

sioned solely  by  diminution  of  pressure,  it  is  clear  that  such  diminution 
ought  to  produce  the  same  effect  at  any  altitude  whatever.  So  M.  Paul 
Regnard  took  two  guinea  pigs  belonging  to  the  same  litter,  placed  one 
in  a  bell  jar,  where  a  special  apparatus  not  only  provided  the  necessary 
decrease  of  i)ressure  (by  exhausting  the  atmosphere  to  the  requisite 
degree),  but  effected  the  necessary  ventilation,  while  the  other  lived  in 
the  same  laboratory  under  normal  pressure.  The  decrease  of  pressure 
in  the  bell  jar  and  the  density  of  the  atmosphere  corresponded  exactly 
to  those  which  obtain  at  Santa  Fe  de  Bogota,  at  3,000  meters  above 
sea  level.  Both  animals  were  killed  after  a  month,  and  the  result  was 
that  the  blood  of  the  guinea  pig  under  decreased  pressure  absorbed 
21  cubic  centimeters  of  oxygen  (per  100  cubic  centimeters  blood),  while 
that  of  the  other  animal  living  under  normal  pressure  absorbed  only 
14  to  15  cubic  centimeters  of  oxygen  at  the  most.  The  fact  is  quite 

clear;  the  experiment  most  convincing.  By  some  means  not  yet  ascer- 
tained the  blood  of  creatures  living  at  high  altitudes,  and  able  to  with- 

stand the  first  unpleasant  sensations,  acquires  the  power  of  accumulat- 
ing a  large  proportion  of  oxygen,  and  thus  their  systems  are  enabled 

to  resist  that  incipient  asphyxia  which  is  the  result  of  a  smaller  pro- 
portion of  oxygen  in  the  atmosphere. 

This  is  an  important  point,  from  the  practical  side.  It  explains  the 

beneficent  inflaence  of  high-level  stations  (such  as  St.  Moriz,  in  Switz- 
erland) upon  angemic  or  tuberculous  i)atients.  It  shows  that  in  cases 

where  the  organism  is  weakened  and  physiologically  impoverished,  and 
particularly  where  the  blood  has  lost  some  of  its  vitality,  the  patient 
will  be  benefited  by  living  for  some  time  in  mountain  resorts,  even 
at  comparatively  high  altitudes,  his  blood  will  acquire  new  life,  and 
become  more  apt  to  fulfill  its  functions,  owing  to  the  increase  of 
respiratory  capacity  that  results  from  decrease  of  pressure. 

It  is  evident,  however,  that  the  patient  should  begin  with  moderate 

altitudes,  1,500  meters,  for  instance;  with  altitudes  which  do  not  over- 
task the  system,  which  do  not  palpably  increase  the  physiological  ten- 

dency toward  asphyxia,  and  one  should  not  forget  that  decrease  of 
pressure  which,  if  moderate,  is  beneficent,  becomes  invariably  fiital  if 

it  exceeds  certain  limits.  Man  does  not  seem  to  be  adapted  to  live  per- 
manently at  altitudes  over  4,000  or  5,000  meters,  and  if  other  animals 

are  able  to  do  so,  it  is  quite  certain  that  even  for  these  also  there  is  a 
limit  upon  which  they  can  not  trespass  without  dangerous  results.  The 
differences  are  only  of  degree,  and  upon  the  whole  they  are  of  small 
amount. 
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MOYEMENTS    OF   THE   ATMOSPHERE. 

We  must  now  consider  another  side  of  tbe  general  topic  of  the  phys- 
ics of  air.  I  refer  to  the  movements  which  unceasingly  occur  in  the 

A^ast  ocean  of  gas  which  surrounds  our  planet.  They  are  familiar  to 
all.  It  is  these  that  swell  the  sails  of  vessels  and  carry  them  across  the 

oceans,  that  give  the  impulse  to  the  old-fashioned  windmill,  that  lift 
the  waves  and  send  them  rolling  from  continent  to  continent;  these, 
also,  that,  with  cjxlones  and  tornadoes,  uproot  trees,  blow  down  houses, 
destroy  croj)S,  snap  the  giants  of  the  forests  like  mere  twigs,  raise 
clouds  of  dust,  and  spread  ruin  and  death  on  every  side.  Breeze  or 
tempest,  it  always  is  air  in  motion,  and  in  this  case  as  well  as  in  others 
air  is  both  beneficent  and  maleficent.  Concerning  the  cause  of  this 
motion,  be  it  gentle  or  be  it  violent,  it  is  enough  to  remind  the  reader 
that  the  maiu  if  not  exclusive  cause  is  in  difference  of  calefaction,  and 
that  the  wind  blows  from  cool  areas  to  Avarm  ones. 

What  part  can  these  movements  of  the  atmosphere  play  in  the  life  of 
our  planet?  What  is  their  influence?  A  superficial  glance  is  enough 
to  show  that  this  is  manifold. 

In  the  first  place,  thej  help  to  intermingle  the  constituents  of  the 
atmosphere.  To  be  sure,  the  general  constitution  of  air  is  the 
same  everywhere,  no  considerable  difference  existing.  But  we  have 
referred  more  than  once  to  the  numerous  local  causes  of  alteration. 

Consider,  for  instance,  a  large  industrial  town  or  a  volcano.  Both 
exhale  an  enormous  amount  of  obnoxious  gases  which  are  poured 

into  the  atmosphere — carbon  dioxide,  carbon  monoxide,  and  a  hundred 
other  substances,  toxic  or  inert;  at  all  events  undesirable  for  breath- 

ing. A  few  figures  have  been  given  above  concerning  the  amount 
of  such  gases  produced  by  mankind,  by  combustion,  etc.,  and  we  all 
know  that  in  cities  the  composition  of  air  is  less  pure  than  in  the 
country;  that  Manchester,  Birmingham,  Chicago,  Pittsburgh,  etc.,  are 
less  healthy  than  their  surroundings.  If  there  were  no  winds,  most 
certainly  things  would  be  much  worse  than  they  are,  and,  the  very  fact 
that  city  air  is  inferior  to  country  air,  substantiates  this  assertion. 
Without  winds  all  these  gases  would  accumulate  about  the  place 
where  they  originated.  Of  course  some  diffusion  would  take  place, 
but  the  i^rocess  would  be  a  slow  one,  and  a  much  too  great  proportion 
of  unhealthy  gases  would  at  all  times  be  found  in  the  air  of  such  places, 
which,  would  thus  be  more  insalubrious  than  they  now  are.  Without 
winds  locally  vitiated  air  would  remain  such,  just  as  is  the  case  with 
the  atmosphere  in  a  closed  room  where  men  or  animals  are  assembled; 
wind  is  the  cleanser  of  the  atmosphere,  the  great  purifier,  which  mixes 
and  purifies  it,  which  chases  it  over  lands  and  seas,  over  fields  and 
forests,  from  x^ole  to  equator,  and  from  equator  to  pole,  thus  dissipating 
in  the  whole  mass  those  elements  which,  for  one  reason  or  another,  are 
produced  in  greater  abundance  at  some  points;  it  maintains  the  purity 
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of  the  atmosphere,  or  at  least  its  homogeneity.  If  the  atmosphere 
were  motionless,  the  air  in  cities  would  be  perpetually  vitiated,  and  all 
the  carbonic  acid  which  originates  there  would  be  delayed  in  its  travel 
toward  the  country,  the  fields,  and  the  forests,  in  whose  biology  it  plays 
so  important  a  part;  the  vicinity  of  volcanoes,  and  even  of  cities,  would 
be  uninhabitable,  and  life  in  cities  impossible. 

Again,  from  a  biological  standpoint,  the  movements  of  the  atmos- 
phere are  useful  in  another  wsiv.  They  prevent  the  air  from  remain- 

ing excessivel}^  dry  in  some  regions  and  inordinately  damj)  in  others. 
The  air  which  has  accumulated  a  large  amount  of  humidity  while  above 
an  ocean,  a  lake,  a  river,  a  forest,  does  not  remain  there.  It  travels 

farther,  and  carries  the  aqueous  vapor  it  contains  inland,  up  moun- 
tains, and  over  plains.  It  transports  the  clouds,  and  carries  the  water 

drawn  from  the  Pacific  Ocean  to  fall  in  rain  on  the  American  con- 

tinent; through  the  same  agency  the  water  drawn  from  the  Atlantic 

falls  on  Europe,  and  the  water  of  oceans  is  carried  through  the  atmos- 
phere to  enormous  distances  to  i)rovide  the  continents  with  the  rain 

essential  to  i:>lants,  animals,  and  man,  both  that  immediately  used  and 
that  which,  sinking  through  the  soil,  comes  to  light  again,  sometimes  at 
considerable  distances,  under  the  form  of  springs,  which  help  to  make 
the  streams  and  rivers.  If  winds  did  not  occur  as  they  do,  if  the  aerial 
ocean  were  motionless,  the  vapors  which  arise  above  the  oceans  and 
masses  of  water  would  not  travel  so  fast,  so  far,  nor  in  such  quantity, 
and  a  great  T)art  of  our  globe  would  be  condemned  to  drought  and 
sterility.  The  other  part  would  hardly  be  pleasant er;  in  an  atmosi^here 
saturated  with  vapor,  as  that  would  be,  perspiration  evaporates  most 
slowly,  and  if  the  temperature  were  even  moderately  high,  man  would 

lead  a  sluggish  life,  shunning  effort  as  inducing  an  uncomfortable  con- 
dition, and  living  in  a  laziness  and  far  niente  which  have  never  conduced 

to  moral,  mental,  or  physical  advancement.  Truly  wind  is  no  unimport- 
ant agency  in  civilization  and  in  the  general  evolution  of  mankind. 

Again,  the  movements  of  the  atmosphere  play  an  important  part  in 
the  regulation  of  temperature,  as  they  do  in  the  regulation  of  humidity. 
If  they  did  not  occur,  air  would  be  perpetually  warm  in  some  places 
and  perpetually  cold  in  others,  the  radiation  and  diffusion  of  heat  acting 
but  slowly.  The  wind  is  beneficent  in  that  it  carries  warm  air  to  cold 
regions  and  cold  air  to  warm  ones,  tempering  the  climate  of  each. 

To  end  this  chapter,  a  word  must  be  said  of  the  i^art  which  wind 
plays  in  the  biology  of  many  species  of  plants,  by  providing  them  with 
important  means  of  dispersion.  Many  plants  possess  light  seeds,  which 
are,  moreover,  provided  with  appendages  in  the  form  of  wings,  or  of 
feathery  hairs,  and  such  seeds  are  very  easily  carried  to  considerable 
distances  over  plains,  over  rivers,  and  even  over  narrow  sea  channels. 

Through  the  wind's  agency,  these  species  are  transported  to  new  habi- 
tats, where  they  may  settle  and  thrive,  spreading  gradually  over  large 

tracts.    Numbers  of  insects  and  birds  are  thus  carried  to  great  distances 
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by  storms,  and  are  thus  enabled  to  obtain  a  footbold  upon  islands  or  con- 
tinents to  which  their  own  forces  could  not  have  brought  them.  And 

micro-organisms,  last  but  by  no  means  least,  as  far  as  importance,  not 
size,  is  concerned,  make  great  use  of  atmospheric  movements.  They 
possess  no  means  of  locomotion,  and  have  no  limbs  to  carry  them  to  a 
distance;  but  the  wind  makes  good  this  deficiency,  and  takes  good 

care  to  scatter  them  far  and  wide.  There  are  many  epidemics  prop- 
agated from  city  to  city,  from  country  to  country;  there  are  death- 

working  as  well  as  beneficent  microbes  scattered  over  the  whole  lace 
of  the  earth,  and  thus  air  is  again  an  agent  of  death  and  of  life 
by  its  contents,  no  less  than  by  its  essential  constituents.  But  air 

contains  also  a  large  proportion  of  non-living  matter,  of  dead  dust 
as  contrasted  with  the  living  dust  just  referred  to.  iSuch  dust  also 
is  scattered  far  and  wide,  and  there  is  no  doubt  but  that  it  may  be 

carried  from  China  to  North  America,  and  from  the  jS^ew  AVorld  to 
Europe  or  Africa.  This  dispersal  of  dust  may  be  of  some  imi)ortance 
in  agriculture;  at  all  events  it  ])lays  no  insignificant  part  in  geology, 
and  all  have  heard  of  the  influence  of  winds  in  the  formation  and 

migration  of  dunes  on  the  seacoasts.  This  influence  is  often  important. 
In  France,  m  the  region  at  the  south  of  Bordeaux  and  in  certain  parts 
of  Brittany,  the  wind  has  brought  so  much  sand  from  the  dry  shores 
at  low  tide  that  man  has  been  compelled  to  retreat  and  to  desert  his 
villages.  These,  gradually  covered  by  the  particles  carried  by  the 

winds,  have  finally  been  entirely  engulfed  and  buried,  as  were  Hercu- 
laneum  and  Pompeii  of  old  under  the  cinders  of  Vesuvius,  and  the  only 
remnant  of  a  once  inhabited  and  prosperous  hamlet  is  a  spire  which 
sticks  out  of  the  plain  of  sand.  Analogous  phenomena  are  to  be 

observed  in  all  countries.  In  1889,  according  to  Mr.  George  P.  Mer- 
rill, a  storm  occurred  in  Dakota  during  which  the  soil  was  torn  up 

to  the  depth  of  I  or  5  inches,  and  the  particles  accumulated  easily  in 
recognizable  sand  dunes.  In  the  western  plains  of  I^orth  America, 
also,  the  same  event  occurs,  and  these  dunes,  when  once  formed,  travel 

and  migrate  from  place  to  place.  Some  miles  north  of  Lake  Winne- 
mucca  (Xevada),  Mr.  Eussell  found  a  series  of  such  dunes.  40  miles 
long,  8  miles  wide,  some  of  which  were  75  feet  high.  Xear  Alkali  Lake 
other  dunes  are  200  and  300  feet  high,  and  on  the  eastern  shore  of  Lake 
Michigan  similar  dunes  have  advanced  upon  forests,  which  they  have 

invaded,  smothered,  and  destroj'ed,  and  the  tops  only  of  the  trees,  dead 
as  a  matter  of  course,  emerge  above  the  hillocks  of  sand. 

It  should  be  observed  that  particles  of  sand  driven  by  the  wind  exert 
an  erosive  influence.  They  act  as  files,  and  gradually  wear  away  the 
rocks  which  they  unceasingly  batter,  and  thus  the  wind  works  in  two 
ways  toward  the  leveling  of  the  globe;  indirectly  cooperating  with 
water  and  with  frost  it  helps  to  disintegrate  the  elements  of  rocks; 
and  when  they  are  broken  down  it  carries  the  particles,  which  are  the 
ultimate  result  of  such  disintegration,  to  the  plains  and  to  the  sea. 
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If  one  observes  tliat  besides  tliis  work  wiud  is  capable  of  tremen- 
dous effort;  that  it  wrenches  from  the  soil  the  strongest  trees;  that  it 

scatters  to  the  ground  in  crumbling  ruins  the  most  solid  monuments  or 
buildings;  if  one  considers  that  it  could  also  effect  a  much  greater 

amount  of  work  than  that  which  is  at  present  effected,  by  driving  sail- 
ing vessels  or  windmills,  one  can  not  forego  the  conclusion  that  in  wind 

Ave  have  an  enormous  source  of  energy  which  is  hardly  utilized  from 
the  industrial  i^oint  of  view. 

This  is  undoubtedly  true.  Wind  is  a  most  powerful  force,  whose  limits 

can  not  possibly  be  estimated ;  that  it  could  be  utilized  for  man's  benefit 
could  hardly  fail  to  suggest  itself.  Many  centuries  have  passed  since 
the  lirst  endeavor,  and  although  some  progress  has  been  made,  and 
has  been  satisfactory  enough  during  a  long  period,  no  one  will  venture 
to  assert  that  nothing  more  can  be  done. 
Wind  has  been  used  on  land  and  on  sea;  windmills  have  been 

invented  in  most  lands,  and  few  savage  tribes  have  failed  to  become 
aware  of  the  great  help  sails  are  to  navigation.  For  centuries  civilized 
nations  were  content  with  sailing  vessels,  and  some  of  the  latter  were 
truly  splendid  achievements,  able,  it  must  be  remembered,  to  cross  the 

Atlantic — under  favorable  circumstances — in  eleven  days,  which  is  still 
tbe  duration  of  the  trip  for  average  steamships.  But  for  three-quarters 
of  a  century  steam  has  been  used  and  defeated  sails  for  long  distances. 
The  best  steamers  of  the  transatlantic  lines  are  able  to  run  from  Queens- 
town  to  New  York  in  five  days  and  a  half,  and  from  Kew  York  to 
Havre  in  six  days  and  a  fraction.  Wind  has  been  defeated  by  steam 
on  land  also,  and  coal  has  taken  the  first  place  as  a  source  of  energy. 
But  coal  supplies  are  not  inexhaustible,  and  thoughtful  minds  are 
concerned  with  the  important  problem  of  drawing  upon  those  other 
resources  which  the  movements  of  the  atmosphere  still  provide,  and 
which  are  by  no  means  used  as  much  as  they  might  be.  Coal  is  decreas- 

ing, and  no  fresh  strata  of  the  precious  store  are  in  i^rocess  of  forma- 
tion as  far  as  we  are  aware.  It  is  burned  at  the  rate  of  millions  of  tons 

each  year,  and  mines  are  being  steadily  emptied  of  their  contents. 
Forethought  demands  that  future  generations  be  not  caught  unawares, 
and  that  even  now  the  i)roblem  of  providing  fresh  sources  of  energy 
be  considered.  These  are  not  wanting.  The  application  of  electricity 
to  general  uses  has  developed  imi)ortant  possibilities,  and  provided  us 
with  a  method  by  means  of  which  energy  maybe  obtained,  transformed, 
and  carried  to  a  distance  with  the  result  that  with  proper  apparatus 
the  energy  of  rivers,  of  winds,  of  tides,  of  solar  heat,  may  be  utilized. 
Some  important  steps  have  been  made  in  the  required  direction,  and 
much  has  been  done  to  utilize  the  energy  contained  in  rivers  under  the 
form  of  falls,  in  Europe  as  well  as  in  the  United  States,  where  the 
Niagara  Falls  are  the  best  known  instance.  But  concerning  the  power 
contained  in  wind,  little  has  been  done  to  take  advantage  of  it.  Sail- 

ing vessels  are  always  numerous,  to  be  sure,  but  windmills  are,  on  the 
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contrary,  on  the  decrease,  and  no  new  method  has  been  devised  of  late 

to  increase  the  quantity  of  force  derived  from  this  source,  M.  Maxi- 
milian Plessuer,  however,  has  done  good  work  in  trying  to  call  public 

attention  to  the  matter.^  Wind  is  doubtless  very  irregular,  by  turns 
strong  or  even  violent,  and  a  short  time  afterwards  very  gentle,  and 
even  ceasing.  But  a  great  deal  depends  upon  localities.  There  are 
places  and  large  regions  where  the  wind  is  quite  regular  enough,  as 
far  as  strength  and  constancy  are  concerned,  and  near  the  seashore  it 
seldom  fails.  In  the  subtropical  regions,  also,  trade  winds  are  very 
constant,  and  in  most  parts  of  the  globe  the  regularity  of  the  wind 
increases  with  the  altitude.  The  latter  fact  has  been  well  shown  by 

a  continuous  series  of  observations  made  at  the  Eift'el  Tower,  in  Paris, 
since  1889.  This  amounts  to  asserting  that,  ujdou  the  whole,  a  consid- 

erable part  of  the  globe  is  perfectly  suited  for  investigations  upon  the 

best  methods  of  deriving  power  from  the  winds.  M.  Plessner  has  cal- 
culated that  a  wall  or  curtain  1,000  meters  high  i)laced  upon  the  fifty- 

fourth  parallel  between  the  twenty-fourth  and  thirty-eighth  degrees  of 
longitude,  would  receive,  through  the  impact  of  the  wind,  a  total 
sum  of  100,000,000  horsepower,  and  130  such  walls  would  provide 
13,000,000,000  horsepower,  which  means  the  power  of  1,000  Niagaras. 
Of  course  no  such  apparatus  could  be  erected  and  used,  as  the  first 
storm  would  destroy  the  whole  fabric;  but  this  helps  us  to  realize  the 
tremendous  amount  of  energy  which  speeds  over  our  heads.  The  first 
requisite  is  some  sort  of  motor  driven  by  the  wind,  and  an  accumulator 
to  store  the  energy  and  yield  it  at  the  required  moment.  M.  Plessner 
has  no  admiration  for  the  old  windmill;  he  does  not  find  therein  the 
motor  which  engrosses  his  thoughts  or  dreams.  The  ?eolian  wheel 
would  be  more  suitable,  but  this  also  is  below  his  requirements,  and 
he  is  rather  inclined  to  look  upon  sails  as  affording  a  possible  solution 

of  the  iiroblem.  "The  utilization  of  the  power  of  winds,"  he  writes, 
"and  its  transformation  into  mechanical  work,  are  possible  only  by 
means  of  sailing  vehicles,  driven  by  wind  upon  a  circular  railway,  the 
power  generated  by  such  rotation  being  transmitted  to  an  axle,  and 

thence  to  machinery."  He  therefore  proposes  a  circular  railway,  at 
ground  level,  or,  better  still,  elevated  ui)on  trestles.  On  this  railway 
a  circular  or  annular  train,  made  of  small  cars  coupled  together,  each 
carrying  a  mast  and  two  sails  at  right  angles  with  each  other,  is  driven 
by  the  wind.  These  sails  are  automatically  trimmed,  and  automatically, 
also,  they  expand  or  contract,  or  rather  take  in  the  wind  or  withdraw 
from  it.  As  long  as  the  wind  blows,  the  train  continues  rotating,  and  if 
it  is  connected  with  a  central  axle,  the  latter  may  work  dynamos  and 
charge  electric  accumulators.  A  similar  apparatus  might  be  arranged 
in  water,  boats  taking  the  place  of  the  cars,  and  since  the  wind  power 

1  See  his  book:  Ein  Blick  auf  die  grossen  Erfindungen  des  zwanzigsten  Jahrhnu- 
derts — Die  Dienstbarmaclimig  der  V^indkraft  fiir  den  elektrischen  Motoren-Betrieb, 
Berlin,  1893. 
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is  transformed  into  electricity  the  latter  may  be  stored  and  kept  in 
reserve,  or  transferred  to  a  distance  to  perform  10,  20,  50  miles  away 
any  work  that  may  be  required. 

Such  is,  in  its  main  features,  M.  Plessner's  project.  Whether  it  be 
this  or  some  other  which  is  accepted,  there  is  no  doubt  as  to  the  neces- 

sity of  trying  to  utilize  a  small  fraction  of  the  tremendous  energy  that 
produces  the  movements  of  the  atmosphere,  and  is  one  of  the  results  of 
the  action  of  solar  heat  on  our  planet.  There  are  certainly  many  ways 
in  which  the  problem  may  be  solved.  For  instance,  a  very  simple 

method  would  be  the  using  of  wind  ])ower  to  force  water  into  a  reser- 
voir at  some  height  from  which  it  might,  at  will,  be  let  out  to  work  tur- 

bines. In  mountainous  regions,  and  near  the  sea,  in  all  places  where 
water  and  wind  are  available,  this  system  might  be  of  service,  however 

imperfect  it  may  seem.  At  all  events  a  great  field  is  open  to  inven- 
tors, and  a  great  harvest  may  be  reai^ed  by  those  who  will  work  it 

with  patience  and  skill.  M.  Plessner's  investigations  will  prove  very 
suggestive,  and  they  may  also  find  much  that  is  useful  in  Mr.  S.  P. 

Langley^s  memoir  on  The  Internal  Work  of  the  Wind.  The  facts  re- 
ferred to  by  Professor  Langley  are  perhaps  of  more  importance  for  the 

problem  of  aviation,  or  flight,  and  for  the  explanation  of  the  soaring  of 
the  larger  birds,  which  all  have  oftentimes  seen  sustaining  themselves 
during  whole  hours,  without  aj)parent  fatigue,  or  effort,  but  they  are 
certainly  very  suggestive  in  the  realm  of  aerodynamics.  Mr.  S.  P. 
Langley  has  succeeded  in  proving  that  the  force  of  the  wind  is  not  by 
any  means  as  constant  and  uniform  as  is  commonly  supposed.  It  does 
not  impart  an  approximately  uniform  movement,  but  a  succession  of 
short,  rapid  waves  or  pulsations  of  varying  intensity,  and  fluctuating 
in  direction  on  either  side  of  the  general  course  of  the  wind.  He  con- 

siders it  as  certain  that  an  inclined  or  suitably  curved  surface,  heavier 
than  air,  and  free  from  all  attachments  whatsoever,  may  be  uplifted  and 

indefinitely  sui)ported  in  the  air  by  means  of  ''internal  work,"  without 
any  further  expense  of  energy  than  that  which  is  demanded  for  chang- 

ing the  inclinations  of  the  plane  according  to  the  pulsations.  It  seems 
quite  certain  that  under  special  conditions  such  a  plane  might  advance 
against  the  wind,  not  only  comparatively,  but  in  the  absolute  sense. 
These  data  are  very  valuable,  and  may  prove  most  useful  for  practical 
purposes. 

Having  considered  the  general  relationship  between  living  organ- 
isms and  the  elements,  pressure,  and  movements  of  the  atmosphere,  we 

must  now  proceed  to  illustrate  the  relationship  between  the  physical 
contents  of  the  air  and  living  beings. 

Air  contains  many  elements  that  are  accidental,  temporary,  and  of 
minor  importance.  Some  are  gases;  such  as,  for  instance,  carbon 
monoxide,  carbureted  hydrogen,  aiul  many  others,  for  the  most  part 
obnoxious  and  toxic.  Of  these  substances  we  shall  say  nothing  here, 

because  of  their  scarcity  and  irregular  occurrence.    Thej^  are  not  normal 
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constituents  of  the  atmosphere,  and  we  may  say  that  every  substance 
known  to  chemistry  may  at  some  tiuie  or  place  be  accidently  present  in 
the  air.  Only  such  bodies  deserve  notice  as  are  normally  i^resent  in 
the  whole  atmosphere,  although  they  may  be  of  minor  importance. 
Under  this  head  must  be  mentioned  aqueous  va^Dor  and  different  solid 
materials,  inanimate  or  animate,  excluding  those  which  are  of  volcanic 
origin,  and  dust,  natural  or  artificial. 
Aqueous  vapor  is  always  present  in  the  atmosphere  under  the  form 

of  fog  or  clouds,  and  also  in  an  invisible  form.  We  will  especially 
refer  to  the  latter.  It  has  a  daal  origin.  The  one  part  comes  from 
evaporation,  under  the  influence  of  heat,  of  the  water  of  oceans,  rivers, 
lakes,  and  moist  soil.  The  amount  of  vapor  produced  depends  upon 

the  amount  of  heat,  and  also  upon  the  amount  of  vapor  alreadj^  con- 
tained in  the  air.  For  each  degree  of  temperature  air  cau  only  contain 

a  quite  definite  amount  of  vapor.  The  other  part  comes  from  living- 
organisms,  by  transpiration  through  the  skin  and  pulmonary  surfaces 
of  animals,  by  the  evaporation  which  occurs  from  the  leaves  of  plants. 

This  production  of  anueous  vapor  b}'  living  beings  is  very  variable, 
and  circumstances  aflect  it  greatly.  An  animal  or  man  in  dry  air  pro- 

duces a  large  amount,  since  the  expired  air  is  quite  saturated  with  it, 

but  in  moist  air  hardly  au}^  is  produced,  and  that  which  is  expired 
hardly  does  more  than  restore  to  the  atmosphere  the  moisture  taken 
from  it.  The  whole  of  mankind  ])Ours  into  the  atmosphere  a  total 

amount  of  some  15,000,000,000  kilograms  of  water  per  twenty-four 
hours,  but  a  large  proportion  of  this  is  merely  returned;  it  has  not 
been  generated  by  man.  Similarly,  plants  yield  but  a  small  amount  of 
moisture  if  the  air  is  already  nearly  saturated ;  they  yield  a  very  large 
amount  if  it  is  dry.  It  has  been  calculated,  for  example,  that  a  wood 
of  500  adult  and  vigorous  trees  yields  nearly  4,000  tons  of  aqueous 
vapor  during  the  twelve  hours  of  daylight.  By  night  the  amount  is 

less  considerable,  and  is  only  about  one-fifth  of  the  diurnal  evapora- 
tion. This  instance  is  enough  to  show  that  plants  are  most  important 

producers  of  vapor.  And  if  one  onlj^  considers  that  in  the  United 
States,  as  an  example,  the  total  surface  of  plant  leaves  is  at  least  four 
times  that  of  the  soil  surface,  one  perceives  how  important  must  be 

the  part  of  plants  in  the  function  we  refer  to.  Physicists  have  esti- 
mated the  total  quantity  of  aqueous  vapor  in  the  atmosphere  at 

72,000,000,000,000  tons  or  cubic  meters  of  water. 
This  vapor,  which  is  very  unequally  diffused  (since  the  maximum 

amount  depends  upon  the  temperature  of  air),  and  which  varies  in  quan- 
tity according  to  the  time,  locality,  and  other  circumstances,  plays  an 

important  biological  part.  Air,  when  too  dry  irritates  the  respiratory 
organs;  when  too  moist  it  impedes  transpiration  and  its  beneficent 
effects:  in  medio  virtus^  and  the  best  condition  is  that  in  which  air  is 
neither  very  dry  nor  very  moist. 

Another  more  important  part  is  j)layed  by  this  aqueous  vapor  in  that 
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it  forms  a  sort  of  protecting  screen,  that,  by  day,  tempers  the  solar 
heat  by  absorbing  a  portion  of  it  and  preventing  it  from  scorching  the 
vegetation  and  the  soil,  and  at  night,  conversely,  prevents  excessive 

cooling  of  the  earth's  surface  by  radiation.  It  does  not  prevent  the 
passage  of  luminous  calorific  rays,  but  absorbs  a  large  amount  of  the 
dark  thermic  rays — whatever  their  source — and  experiments  by  Tyn- 

dall,  and  especially  Pouillet,  and  others,  have  shown  that  the  atmos- 
phere, by  reason  of  the  vapor  it  contains,  absorbs  about  a  quarter  of 

the  sun's  heat,  so  that  only  three-quarters  reach  the  earth  proper.  If 
this  screen  did  not  exist,  our  summer  days  would  be  much  hotter  and 
also  much  cooler.  In  the  full  glare  of  the  sun  the  thermometer  would 
stand  higher  than  it  does,  and  in  the  shade  the  temperature  would 
be  lower.  We  have  an  exact  illustration  of  what  would  happen  in 
what  occurs  on  high  mountains,  or  in  balloons  at  great  height.  The 
higher  we  ascend  the  thinner  becomes  the  layer  of  vapor  interposed 
between  the  sun  and  ourselves.  Fnder  such  circumstances  tlie  sun  is 

scorching;  its  rays,  nearly  unopposed,  exert  a  stronger  influence  upon 
persons  and  things  and  heat  them  highly,  while  the  surrounding  air  is 
cold,  as  there  is  hardly  any  vapor  to  absorb  solar  heat.  This  fact  has 
been  well  observed  by  Professor  Langley  during  his  ascent  of  Mount 

Whitney,  and  all  alpinists  have  had  experiences  more  or  less  similar. 
If,  then,  there  were  no  vapor  in  the  atmosphere,  our  summer  days  would, 
as  is  the  case  in  high  altitudes,  be  torrid  and  frigid  at  the  same  time — 
torrid  in  the  sun,  frigid  in  the  shade,  where  the  thermometer  would 
certainly  fall  very  low. 

At  night  atmospheric  vapor  moderates  radiation.  During  the  night 
the  earth  gives  off  part  of  the  heat  it  has  received  during  the  day, 
and  this  heat  radiates  into  interplanetary  space.  When  the  sky  is 
very  clear  and  dry,  radiation  is  considerable,  and  at  all  seasons  a  clear 
night  is  colder  than  a  cloudy  one,  and  night  is  colder  in  high  altitudes 
where  the  overlying  sheet  of  air  and  vapor  is  thin  and  rare,  than  in  the 
lowlands,  with  a  thicker  atmospheric  layer  overhead.  Eadiation  is 
unavoidable,  because  the  temperature  of  celestial  space  is  exceedingly 

low,  probably  inferior  to  lOO^  below  zero  (centigrade);  but  it  is  more 
rapid,  and  offers  greater  intensity  when  the  air  is  dry  and  contains  but 

a  small  quantity  of  vapor,  because  then  the  absorption  by  the  atmos- 
phere (by  vapor,  to  be  precise)  of  dark  calorific  rays  radiated  from  the 

earth's  surface  is  very  slight.  If  there  were  no  aqueous  vapor  in  the  air, 
a  considerable  cooling  would  begin  as  soon  as  the  sun  set,  and  such 
cooling  does  occur  on  high  mountains  and  at  high  levels — in  Thibet, 
for  instance,  which  is  both  high  and  dry,  and  also  in  deserts,  where  the 
atmosphere  is  generally  dry.  In  Sahara,  after  the  hottest  days  under 

a  scorching  sun,  the  nights  are  generally  very  cool,  and  the  thermom- 
eter runs  down  some  30°  or  40°  in  a  few  hours.  Such  radiation  and 

cooling  must  be  very  harmful,  and  most  animals  and  ])lants  could 
certainly  not  endure  it.  Vapor  thus  exerts  a  most  beneficial  influence, 
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as  it  moderates  the  heat  of  day  and  the  cold  of  night,  and  acts  as  a 
sort  of  regulator,  by  means  of  which  some  uniformity  is  established 
under  antagonistic  and  conflicting  conditions,  and  in  spite  of  contrary 
influences.  Quite  certainly,  if  vapor  did  not  exist,  the  physiology  of 
the  animals  and  plants  of  the  lowlands  would  be  different,  or  they 
would  perish. 

The  parts  played  by  the  numerous  solid  particles  found  in  the  atmos- 
phere are  as  varied  as  is  their  nature.  Physically  pure  air  is  a  myth 

and  can  only  be  obtained  artificially,  in  laboratories,  and  when  great 

care  is  exercised.  Even  at  the  greatest  heights,  where  micro-organisms 
as  well  as  vegetable  or  animal  fragments  are  few  and  often  totally  want- 

ing, mineral  dust  is  always  found.  These  particles  are  very  small,  to 
be  sure,  and  their  origin  varies ;  some  are  of  volcanic  origin,  and  after 
important  eruptions,  such  as  that  of  Krakatoa,  volcanic  particles  are 

very  abundant  in  the  atmosphere  and  may  be  years  in  settling  or  fall- 
ing on  land  or  sea;  others  are  merely  dust  which  the  wind  has  swept 

off  the  surface  of  the  planet,  and  a  large  proportion  consists  of  minute 

fragments  of  aerolites  which  have  fallen  into  the  earth's  sphere  of 
attraction  from  interplanetary  space. 

Professor  NcAvton  has  attem^ited  to  form  some  estimation  of  the 
number  of  such  aerolites,  and  he  comes  to  the  conclusion  that  our 
atmosphere  receives  the  enormous  total  of  some  20,000,000  meteorites 

per  twenty- four  hours,  each  of  which  is  large  enough  to  produce  the 
phenomenon  known  under  the  name  of  "  shooting  star."  However 
small  these  fragments  may  be — and  yet  in  order  to  become  visible 
because  of  the  heat  evolved  by  friction  against  the  atmosphere  they  can 

not  be  so  very  minute — they  certainly  bring  to  our  planet  a  consider- 
able amount  of  foreign  matter,  a  large  proportion  of  which  remains 

some  time  suspended  in  the  atmosphere  before  falling.  In  all  places 

where  the  requisite  observations  have  been  made,  and  where  instru- 
ments have  been  placed  for  collecting  the  mineral  contents  of  the  air, 

there  has  been  obtained  an  abundant  harvest  of  meteoric  particles, 
easily  recognizable  by  their  form  and  structure,  and  the  mud  which 
slowly  accumulates  at  the  bottom  of  the  sea  contains  a  large  number  of 
these  extra  terrestrial  bodies.  As  a  matter  of  fact,  mineral  particles 
of  foreign  source  are  constantly  pouring  through  our  atmosphere  in 
the  form  of  a  dry  and  invisible  rain.  A  large  amount  of  terrestrial  dust 
is  also  found  in  this  rain.  Yon  Eichthofen  speaks  of  the  particular 
aspect  of  the  atmosphere  in  a  part  of  China,  where  the  sky  is  yellow 
and  opaque.  When  the  wind  comes  from  the  direction  of  Central 
Asia,  all  things  are  covered  with  a  yellow  dust  which  is  brought 
by  the  wind  from  vast  regions  whose  soil  is  covered  with  a  layer  of 
ochreous  dust,  which  is  driven  to  great  distances  over  the  Pacific.  In 

Australia,  rains  of  a  sort  of  red  mud  have  been  observed — rain  made 
into  mud  by  the  admixture  of  dust,  the  latter  having  been  transported 
by  the  wind  and  storm  from  considerable  distances.     Such  a  rain  has 
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beeu  noticed  to  fall  over  an  area  of  2,500  square  miles.  In  the  United 
States,  a  similar  phenomenon  has  been  observed.  Prof.  S.  P.  Langley, 
during  the  ascent  of  Mount  Whitney,  noticed  that  the  middle  strata  of 
the  atmosijhere  contained  a  large  amount  of  red  dust  which  was  visible 
from  above  the  level  of  these  strata,  while  below,  from  the  plains,  no 
trace  of  it  was  detected  by  the  eye.  This  dust  had,  perhaps,  its  source 
in  China.  The  Krakatoa  volcanic  dust  remained  many  years  in  the 
atmosphere  and  traveled  many  times  entirely  around  our  planet. 

All  this  dust  becomes  easily  perceptible  to  the  naked  eye,  when  we 
look  at  a  ray  of  light  in  a  dark  room.  But  in  order  to  well  ascertain 
its  origin,  to  know  exactly  what  it  is,  microscope  and  aeroscope  are 
wanted.  By  means  of  these  instruments  a  very  interesting  microcosm 

is  revealed.  All  sorts  of  particles  are  to  be  found  in  the  air — small 
desiccated  animals,  such  as  worms,  rotifers,  vibrios,  infusoria,  frag- 

ments of  insects,  of  wool,  scales  from  the  wings  of  butterflies,  particles 
of  hair,  feathers,  vegetable  fibers,  spores  of  fungi,  pollen  grains,  flour, 
dust  from  the  soil,  and  microbes.  From  our  present  standpoint  many 
of  these  particles  are  of  but  slight  interest  to  us,  although  it  is  a  curi- 

ous fact  that  volcanic  dust  may  remain  for  years  in  the  atmosphere  at 
considerable  altitudes,  and  travel  around  the  earth  with  the  winds, 
inducing  those  curious  phenomena  of  light  and  color  at  sunrise  and 
sunset  which  physicists  and  the  public  at  large  observed  after  the 
Krakatoa  eruption.  It  is  also  a  very  curious  fact,  well  illustrated  by 

T.  Aitken's  investigations,  that  these  particles  are  favorable  to  the  pro- 
duction of  rain.  Under  certain  circumstances  they  play  the  part  of  a 

nucleus  around  which  the  vapor  of  the  atmosphere  condenses,  and  each 

particle  becomes  then  the  central  part  of  a  drop  of  rain.^  What  is  of 
interest  to  us,  from  the  biological  point  of  view,  is  the  presence  of  pollen 
grains,  which  explains  how  an  isolated  female  plant  may  bear  fruit  even 
at  a  great  distance  from  male  plants  of  the  same  species;  the  presence 
of  spores  of  fungi,  which  favors  the  dispersal  of  species;  the  presence  of 
light  seeds,  which  may  be  carried  very  far,  and  then  fall  to  the  ground, 
and  develop  an  individual  in  a  region  where  the  species  was  never  seen 
before.  Again,  the  presence  of  microbes,  to  which  we  have  previously 
referred,  and  which  explains  how  many  diseases  are  carried  far  and  wide 
by  the  agency  of  the  winds,  such  microbes  being  specially  abundant  in 
cities  and  in  the  vicinity  of  dwellings.  At  the  Mou  tsouris  Observatory  in 
Paris,  M.  Miquel  finds  between  30  and  770  microbes  per  cubic  meter  of 
air,  according  to  winds,  seasons,  etc.;  in  the  center  of  the  town,  Kue  do 
Eivoli,  the  air  contains  5,500  per  cubic  meter ;  in  hospital  wards,  between 

^Sucli  being  the  case,  in  order  to  induce  artificial  rain,  instead  of  trying  to  change 
the  state  of  the  atmosphere  by  means  of  explosions  it  would  seem  more  rational  to 
send  dust  into  the  heights.  But  at  all  events,  the  essential  requisite  is  the  presence 
of  vapor,  and  this  feature  seems  to  have  been  sadly  neglected  in  recent  experiments. 

Nature  provides  rain  by  means  of  vapor  and  changes  in  temperature,  not  by  explo- 
sions which  can  hardly  have  any  influence. 
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40,000  and  80,000,  while  at  7,000  meters  altitude,  and  above  the  sea  at 
some  distance  from  the  shore,  none  at  all  are  found.  These  figures  are 
enough  to  show  how  the  air  under  certain  circumstances  is  a  dangerous 
agent,  and  serves  as  a  vehicle  of  death. 

As  we  have  seen,  air  is  fraught  with  life  as  well  as  with  death.  Each 
of  its  constituents  is  essential  to  life,  and  each  is  also  a  cause  of  death. 
The  one  that  appears  to  be  the  most  vivifying  of  them  all,  becomes  under 
certain  conditions  and  doses,  a  fatal  poison ;  the  most  useless,  the  most 
harmful  is,  when  carefully  investigated,  an  essential  basis  of  the  whole 

structure  of  life.  And  the  general  conclusion  is  that  none  could  disap- 
pear, none  could  exist  under  a  different  form  or  in  markedly  different 

proportions,  without  soon  altering  the  features  of  our  planet  and  chang- 
ing it  into  a  naked  and  barren  globe  on  whose  surface  no  living  being, 

of  the  present  type,  could  be  found. 
If  we  study  the  subject  more  attentively  we  become  aware  of  another 

fact.  We  perceive,  to  use  again  J.  B.  Dumas's  very  happy  phrase, 
that  all  living  beings  are,  at  last  analysis,  nothing  but  condensed  air, 
Plants  exist  mainly  by  reason  of  the  existence  of  air,  and  animals  and 
man  can  not  exist  without  plants.  The  elements  of  plants  are  air, 
and  animals  live  ux^on  plants;  the  connection  is  direct  and  intimate, 
and  man,  therefore,  is  also  only  condensed  air.  And  as  this  air,  since 
the  centuries  during  which  mankind  has  existed,  has  been  unceasingly 
migrating  from  generation  to  generation,  from  individual  to  individual, 

now  part  of  some  of  our  human  ancestors,  later  returning  to  the  atmos- 
phere, and  thus  perx)etually  pursuing  its  cycle,  our  present  organism  is 

made  of  the  same  elements  as  that  of  our  ancestors.  Their  substance 

is  also  ours.  And  this  substance,  which  is  also  that  of  past  animals  and 

plants,  goes  on  through  space  as  an  untiring  wave.  To-day  or  to-mor- 
row a  flower  or  a  fruit,  it  will  unite  at  one  time  to  form  a  portion  of  a 

sluggish  mollusk,  at  another  to  help  build  the  brain  of  a  Descartes,  a 
Newton,  a  Pascal,  a  Shakespeare,  a  Helmholtz,  a  Joan  of  Arc.  The 
cycle  is  never  interrupted,  ^o  human  eye  witnessed  its  beginning; 
none  will  witness  its  end.  It  seems  to  be  infinite  and  eternal — 

although,  doubtless,  it  is  neither — and  alternating  from  life  to  death,  as 
old  as  the  world  and  yet  as  young  as  the  newborn;  if  consciousness 
were  among  its  attributes  it  would  have  gone  through  all  that  life 

may  give — the  highest  joys,  the  deepest  sorroAvs,  and  all  emotions,  the 
noblest  as  well  as  the  basest. 

The  breeze  which  gently  moves  the  leaves,  the  wind  which  moans 
through  the  high  forests,  is  the  sum  total  of  all  life  that  has  been.  It 
is  the  material  of  all  that  has  had  existence,  of  those  that  came  before 
us,  of  those  that  are  no  more  and  for  whom  we  weep,  i^ow  it  becomes 

part  of  ourselves  and  to-morrow,  perhaps,  it  will  go  on,  pursuing  its 
way,  unceasingly  metamorphosed  from  organism  to  organism  without 
choice  or  favor,  according  to  law,  till  the  time  comes  when  our  globe, 
no  longer  heated  by  the  cooling  sun,  shall  slowly  die.     Then  all  the 
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substance  of  past  living  organisms  will  rest  and  return  to  eartli  -,  mortal 
cold  and  darkness  will  reign ;  tlie  curtain  will  drop  upon  tlie  tragedy 
of  life,  and  that  which  remains  will  be  a  frozen  and  gigantic  tomb, 
rolling  silent  and  desolate  through  the  unfathomable  depths  of  the 
darkened  heavens. 

I  will  encounter  darkness  as  a  bride 

And  hug-  it  in  my  arms.  ,  . 
{Measure  for  Measure.) 
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Part  I. — Constitution  and  Conditions  of  the  Air. 

The  atmosphere  has  been  compared  to  a  great  ocean,  at  the  bottom 
of  which  we  live.  But  the  comparison  gives  no  idea  of  the  magnitude 

of  this  ocean,  without  definite  bounds,  and  varying  incessantly  in  den- 
sity and  other  important  qualities  from  depth  to  height  and  from  place 

to  place. 
Uninterrupted  by  emergent  continents  and  islands,  the  atmosphere 

freely  spreads  high  above  all  mountains  and  flows  ever  in  mighty  cur- 
rents at  levels  beyond  the  most  elevated  regions  of  the  solid  earth. 

What  is  the  composition  of  this  encompassing  fluid,  and  what  its  char- 
acter? The  work  of  the  present  century  has  gathered  in  a  rich  store 

of  knowledge  to  answer  the  inquiry. 

The  atmosphere  consists  in  the  main  of  two  gases,  oxygen  and  nitro- 
gen, and  these  are  intimately  mixed  in  the  proportion  of  about  20.9 

of  oxygen  to  79.1  of  nitrogen  by  volume,  and  23.1  of  oxygen  to  76.9  of 

nitrogen  by  weight.  ̂   These  gases,  which  are  each  of  them  chemical  ele- 
ments, are  not  chemically  combined  with  one  another,  but  only  mixed,- 

each  preserves  its  qualities,  modified  only  by  solution  in  the  other. 

Gases  have  the  property  of  diffusing  among  each  other  so  completely, 
that  no  portion  which  could  be  conveniently  taken,  however  small, 
would  fail  to  represent  the  two  gases  in  a  proportion  corresponding 
with  that  which  they  maintain  in  the  whole  atmosphere. 

Another  valuable  constituent  of  the  atmosphere,  though  varying 

greatly  in  amount  at  different  times  and  places,  is  of  no  less  impor- 

' Author  of  "London  Fogs,"  *' Epidemics,  Plagues,  and  Fevers;  their  Causes  and 
Prevention,"  "  The  Spread  of  Influenza,"  *'  Observations  on  Dew  and  Frosts,"  etc. 

^M.  Leduc  gives  the  weights  as  follows:  Oxygen,  23.58;  nitrogen,  76.42.  Dumas 
and  Boussingault  give  the  density  of  nitrogen  as  0.09725.     (Comptes  Rendus,  1890.) 
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tance  to  mankind  than  the  tw^  elementary  gases  which  make  up  by  far 
the  greater  part  of  the  vohime  and  weight  of  the  whole.  This  is  vapor 
of  water,  the  result  of  the  process  of  evaporation  of  those  vast  watery 
surfaces  which  are  always  in  contact  with  the  lower  strata  of  the  air. 

Deprive  the  air  of  any  one  of  these  three  main  constituents  and 
human  life  becomes  impossible. 

;N"ext  in  rank  from  the  human  point  of  view  is  carbon  dioxide,  or  car- 
bonic acid  gas,  which,  though  comparatively  very  small  in  amount, 

exists  throughout  at  least  all  the  lower  ranges  of  the  atmosphere,  and 
has  the  same  close  and  necessary  relations  with  plant  life  as  oxygen 
has,  or  rather  as  food  has,  with  the  life  of  animals.  It  presents  on  a 
great  scale  an  example  of  the  wonderful  law  of  gaseous  diffusion;  for, 
though  much  heavier  than  air,  in  the  proportion  of  about  2  to  1,  it 
diffuses  under  natural  conditions  nearly  equably  through  every  part, 
whether  the  region  of  its  origin  be  near  or  distant. 

Stated  in  tons,  the  following  are  the  calculated  weights  of  the  chief 
substances  composing  the  whole  atmosphere; 

Billions  of  tons. 

Oxygen    1,233,010 
Nitrogen    3,994,593 
Carbon  dioxide    5,  287 
Vapor          54,460 

In  addition  to  the  above,  we  find  in  the  air  a  variable  and  very  small 
quantity  of  ammonia,  chlorides,  sulphates,  sulphurous  acid,  nitric  acid, 
and  carburetted  hydrogen,  but  some  of  these  depend,  where  detected, 
to  a  great  extent  on  manufacturing  operations  and  on  aggregations  of 
men  and  animals. 

Liquids  and  solids  in  great  variety  are  also  very  important,  widely 
diffused,  and  constant  ingredients  in  the  atmosphere.  The  solids  are 

everywhere  present  in  the  condition  of  very  minute  microscopic  or  ultra- 
microscopic  motes  or  dust,  composed  chiefly  of  sea  salt,  or  chloride  of 
sodium,  sand,  or  fine  silicious  particles,  various  dusts  derived  from 
volcanoes,  factories,  towns,  and  the  remains  of  meteors  set  on  fire  in 
their  passage  through  the  upper  air.  Some  of  the  most  beneficent 
functions  of  these  microscopic  and  invisible  motes  will  be  considered 
later.  Other  solids  present  in  the  upper  air  over  a  large  part  of  the 
globe  and  in  the  lower  strata,  especially  in  the  Arctic  regions,  are 
small  particles  of  ice,  condensed  either  in  clouds  or  in  air  which  appears 
nearly  clear.  Explorers  in  high  latitudes  relate  that  on  fine  cold  days 
the  air  is  frequently  sprinkled  with  shining  crystals  of  ice  which  seem 
to  fall  from  a  blue  sky,  and,  on  the  other  hand,  in  heavy  gales  and 
stormy  weather  the  lower  air  is  filled  with  a  fine  icy  dust,  resulting 
from  the  freezing  of  the  spray  torn  from  the  sea  waves.  In  temperate 
climates  very  much  of  the  rain  which  falls  on  the  surface  of  the  earth 
has  existed  previously  at  high  levels  in  the  state  of  snow  or  ice  particles. 

The  experience  of  mountaineers  and  balloon  voyagers,  and,  in  a  moun- 
tainous country,  the  sight  of  peaks  covered  with  fresh  snow  after  a 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.  5 

day's  rain  on  tlie  low  ground^  prove  how  commouly  rain  is  melted  ice 
or  snow. 

Other  solid  particles  always  present  in  great  numbers  in  the  lower  air, 
and  of  great  importance  in  relation  to  human,  animal,  and  plant  life,  are 

various  kinds  of  microbes,  fungi,  molds,  and  spores.  At  certain  sea- 
sons the  pollen  of  plants  is  very  abundant.  In  some  countries  the  air 

is  thick  in  tlie  dry  and  windy  season  with  the  dust  of  tbe  soil.  Agri- 
cultural fires  cause  a  thick  haze  over  parts  of  Germany,  the  United 

States,  and  other  countries  at  certain  times  of  the  year.  After  great 
volcanic  eruptions  the  air  over  many  thousand  square  miles  has  been 
affected  by  a  dense  haze.  This  was  notably  the  case  in  the  summer 
of  1783,  when,  after  an  eruption  in  Iceland,  terrestrial  and  celestial 

objects  were  dimmed  by  "dry  fog"  in  western  and  central  Europe  dur- 
ing several  weeks.  In  1883,  on  the  other  hand,  after  the  eruption  of 

Krakatoa,  near  Java,  the  upper  air,  between  40,000  and  120,000  feet  in 

altitude,  was  overspread  with  a  semitransparent  haze  of  a  very  remark- 
able character,  consisting  mainly  of  finely  divided,  glassy  pumice. 

This  haze  stratum  in  the  upper  sky  extended  over  all  known  countries 
and  remained  visible  for  several  months. 

Cloud  globules  are  the  most  obvious  and  widely  present  liquid  ingre- 
dients of  the  atmosphere.  They  possess  properties  of  great  interest 

in  connection  with  the  recently  discovered  ubiquitous  atmospheric  dust, 
with  optical  phenomena,  and  with  the  formation  and  distribution  of 
rain. 

The  other  familiar  forms  of  water  in  the  air  are  dry  and  damp  fogs, 
mist,  and  rain.  Haze  is  in  most  instances,  at  least  so  far  as  the  pres- 

ent writer's  observations  go,  in  the  south  of  England,  a  phenomenon 
depending  on  very  small  particles  of  water  and  on  the  presence  of  dust 
particles  as  nuclei. 

Ozone,  an  allotropic  and  unstable  form  of  oxygen,  has  been  found  to 
be  constantly  present,  in  very  small  quantities,  in  the  open  air  in  nat- 

ural conditions,  but  can  not  be  traced  in  the  impure  air  of  great  towns, 
and  is  no  doubt  always  greatly  diminished  where  dwellings  are  thick 
together.  Ozone  consists  of  molecules,  each  supposed  to  contain  three 
molecules  of  oxygen. 
.   Peroxide  of  hydrogen  is  also  supposed  to  exist  in  slight  traces  in  the 
general  atmosphere. 
Minor  impurities,  arising  from  animal  life,  from  manufacturing 

processes,  and  from  the  combustion  of  coal,  are  mostly  not  perceptible 
to  the  senses,  except  in  the  neighborhood  of  places  where  they  are 
given  off  very  abundantly. 

The  principal  functions  of  all  these  various  elements  and  substances 
of  which  the  atmosi)here  is  composed,  may  now  be  regarded  in  detail 
with  special  reference  to  their  influence  upon  human  life  and  welfare. 

OXYaEN. 

Oxygen,  that  wonderful  element  which  constitutes  very  nearly  half 
of  the  solid  crust  of  the  globe,  combined  as  most  of  it  is  with  the 
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metallic  and  other  elements  of  the  earth,  forms  also,  in  union  with 
hydrogen,  the  great  body  of  water  which  covers  three-fourths  of  the 
terrestrial  surface.  Water  consists  of  two  volumes  of  hydrogen  and 
one  volume  of  oxygen  chemically  combined.  Stated  by  weight,  out  of 
nine  parts  of  water  eight  are  oxygen.  But  water,  as  we  know  it,  always 
contains  other  matter,  and  chiefly  atmospheric  air,  which  is  dissolved 
in  it,  and  to  a  considerable  extent  changes  its  character.  For  the  serv- 

ice of  man,  water,  deprived  of  air,  would  have  lost  several  important 
characteristics.  Oxygen  is  dissolved  in  water  to  the  extent  of  2.99 

volumes  to  100  of  water  at  15°  C,  an  amount  sufficient  to  support  the 
existence  of  fishes  and  hosts  of  other  aquatic  creatures,  and  to  oxidize 
and  render  innocuous  some  of  the  common  impurities  which  result  from 
animal  and  vegetable  processes  and  decay.  Probably  its  power  when 
dissolved  in  the  liquid  is  greater  than  in  the  atmosphere,  and  it  must 
be  compressed  into  a  smaller  space.  Fresh  charcoal  absorbs  eighteen 
times  its  volume  of  oxygen,  and  a  much  larger  bulk  of  organic  vapors, 
especially  ammonia;  in  this  condensed  state  the  oxygen  acts  so  power- 

fully as  to  unite  with  hydrogen  to  form  water  vapor,  and  with  sulphur 
to  form  sulphur  dioxide.  We  may  thus  assume  that  water,  as  we  use  it 
and  drink  it,  has  important  effects  ui^on  the  body  which  would  not  take 

place  if  robbed  of  its  contained  oxygen.  As  an  iustance  of  the  A^alue 
of  the  air  contained  in  water  for  many  domestic  purposes,  its  assistance 
in  the  making  of  tea  may  be  mentioned ;  if  the  air  be  allowed  to  boil  out 
of  the  water  the  beverage  is  spoiled.  Eeceut  observation,  however, 
shows  that  oxygen  is  not  altogether  removed  from  good  water  by  the 

process  of  boiling.^ 
Oxygen  has  a  very  strong  chemical  attraction  for  the  elements;  only 

one  is  known  with  which  it  does  not  combine.  Hence,  "to  burn"  in 
common  language  means  combination  with  oxygen,  and  most  sub- 

stances in  the  crust  of  the  earth  are  already  burnt,  or  combined  with 
oxygen.  In  its  ordinary  form  it  has  no  color,  taste,  or  smell,  according 
to  most  observers,  but  recently  a  faint  blue  color  has  been  detected  as 
belonging  to  it,  when  seen  in  sufficient  quautit}^  It  has  a  small 

refracting  influence  on  light,  and  exhibits  a  magnetic  property,  espe- 
cially strong  in  the  liquid  form,  to  which  it  has  recently  been  driven  by 

intense  cold  and  pressure.  The  degree  of  cold  required  was  —  140°  0. 
under  a  pressure  of  320  atmospheres. 

The  proportion,  by  weight,  of  oxygen  in  the  air  has  been  determined 

by  Leduc  as  23.58  per  cent.^ 
The  volume  of  oxygen  in  the  air  in  different  localities  and  conditions 

has  been  tested  by  various  observers.  On  the  western  seashore  of 
Scotland  the  percentage  was  found  to  be  20.991;  on  the  tops  of  hills, 
20.98;  in  a  sitting  room  (close),  20.89;  at  the  backs  of  houses,  2O.7O5 
at  the  bottom  of  shafts  in  mines,  20.44. 

1  See  Comptes  Eendus,  1890.     M.  Muller. 

*  Comptes  Eendus,  1890.     A.  Leduc. 
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The  accurate  determinations  of  Bunsen  of  the  oxygen  in  the  general 
air  gave  a  mean  of  20.93  per  cent.  Two  hundred  and  three  analyses 
by  Eeiset  gave  nearly  the  same  result.  Hempel  found  the  amount  at 
Tronso  to  be  20.92;  at  Dresden^  20.90;  at  Paris,  20.89.  These  amounts 
must  be  received  with  qualification,  because  in  comparing  one  town 
with  another  more  depends  on  the  position  in  the  town  than  on  the 
situation  of  the  town. 

The  average  proportion  of  oxygen  in  the  open  country  or  at  sea 

may  be  stated  at  about  20.95  per  cent.  In  large,  open  spaces  in  Lon- 
don the  amount  of  oxygen  is  nearly  normal;  in  the  streets,  about 

20.885;  in  Manchester,  in  fog  and  frost,  20.91;  in  the  suburbs  in  wet 
weather,  20.96  to  20.98.     These  figures  are  merely  approximate. 

In  the  air  of  mines  an  average  of  20  has  been  observed,  and  in 
extreme  cases  the  amount  was  no  higher  than  18.6. 

In  the  midst  of  vegetation  on  open  ground,  especially  in  the  daytime, 
there  is  an  excess  of  oxygen. 
Angus  Smith  and  others  found  the  following  quantities  of  oxygen  in 

air  in  different  situations: 

On  the  Atlantic  (Eegnault)    20.918 
In  the  Andes  on  Pichincha;  about  (Regnault)   20.  949 
Tops  of  hills,  Scotland    20.98 
Northeast  shore  and  open  heath,  Scotland    20.  999 
Stockholm  (Petersson  and  Hogland)    20.  94 
Suburb  of  Manchester,  wet  day    20.  98 
Middle  of  Manchester,  inclosed  space    20.  652 
Manchester,  fog  and  frost    20.  91 
Manchester,  backs  of  houses  and  closets    20.  70 

Manchester,  dense  fog    20.86 
Heidelberg  (Bunsen)    20.924 
Low  parts  of  Perth    20.935 

Swampy  places,  France  and  Switzerland   \    zi'  ̂ c^"" 

Bengal  Bay,  over  bad  water  (Regnault)    20.387 
Sitting  room,  rather  close    20.  89 
Small  room  with  petroleum  lamp    20.  84 
Gallery  of  a  theater,  10.30  p.  m    20. 86 
Pit  of  a  theater,  11.30  p.  m    20.74 

Court  of  Queen's  Bench    20.  65 
Chemical  Theater,  Sorboime,  before  lecture    20.28 
Chemical  Theater,  Sorbonne,  after  lecture     19.86 
In  cow  houses    20.  75 

In  sumps  or  pits  in  mines    20. 14 
Worst  in  a  mine    18.  227 

Very  difficult  to  remain  in  many  minutes    17. 2 

Eecent  experiments  by  Messrs.  Smith  and  Haldane  on  impure  air 
contained  in  a  leaden  chamber  showed  that  with  oxygen  20.19  and 
carbon  dioxide  3.84  two  men  instantly  got  headaches  on  entering. 
Oxygen  is  the  breath  of  life,  tlie  element  without  which  no  human 

being  could  exist  for  a  single  hour.  Brought  into  contact  by  every 
inhalation  of  the  lungs,  it  revivifies  the  loaded  blood,  spreads  over  the 
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body  the  warmtli  resulting  from  its  combustion  with  the  carbon  con- 
tained in  the  blood  and  tissues,  and  gives  to  the  whole  physical  being 

a  vigor  and  freshness  which  is  impossible  where  the  element  is 

deficient.  Thus  to  mankind  it  is  life-giver,  warmth-maker,  and  puri- 
fier. Unlike  food,  which  may  be  taken  irregularly  and  at  long  inter- 
vals, oxygen  is  a  necessity  at  all  times  and  in  all  conditions,  in  every 

hour  of  the  day  and  night;  and  upon  its  reaching  or  ax^proaching  the 
normal  quantity  in  the  air  around  us,  our  health  and  enjoyment  directly 
depend. 
3y  the  law  of  diffusion  of  gases,  which  causes  the  interchange  of 

position  of  gases  separated  by  a  thin  porous  partition,  the  carbonic  acid 
gas  brought  by  the  blood  to  the  lungs  passes  out  and  is  then  exhaled, 
while  the  oxygen  breathed  into  the  air  cells  passes  in  through  the 
walls  of  these  cells  to  the  blood.  The  heart  sends  the  impure  blood 
derived  from  the  circulation  through  the  body  to  the  lungs  5  this  dark 
blood  is  loaded  with  carbonic  acid  gas;  the  lungs  return  the  aerated 
and  purified  red  blood  through  their  blood  vessels  to  another  division 

of  the  heart,  which  again  drives  the  vivifying  blood  through  the  sys- 
tem. Experiments  have  shown  that  a  similar  change  in  appearance 

from  dark  to  bright  red  blood  can  be  caused  by  x^assing  a  stream  of 
oxygen  through  the  dark  venous  blood  of  an  animal.  That  a  process 
of  combustion,  or,  otherwise  put,  chemical  union,  goes  on  at  the  same 
time,  is  shown  by  the  fact  that  the  blood  is  raised  one  or  two  degrees 
by  its  contact  with  oxygen.  The  oxygen  in  its  course  through  the 
body  combines  with  the  effete  or  waste  products  presented  to  it  by  the 

tissues,  and  so  the  heating  effect  of  combustion  maintains  the  temx^era- 
ture  of  the  whole  body  at  the  normal,  about  98.6.  The  waste  gases 
given  off  by  the  lungs  consist  of  carbonic  acid  gas,  water  vapor,  and  a 
very  small  quantity  of  ammonia  and  other  organic  matters. 

The  average  volume  of  air  breathed  in  at  each  breath  is  about  30 
cubic  inches,  and  the  volume  of  air  which  may  be  easily  breathed  in  by 
an  effort,  and  by  expanding  the  chest,  is  about  130  cubic  inches,  or 
about  four  times  as  much.  After  a  very  full  inspiration  about  230  cubic 
inches  can  be  expired  by  a  man  of  average  height  and.  in  good  health. 

The  total  cax)acity  of  the  lungs,  however,  is  much  more  than  this — about 
330  cubic  inches.  Thus  in  ordinary  quiet  breathing  we  only  fill  about 

one-tenth  of  the  available  air  space  of  the  lun gs.  After  every  outbreath, 
or  exx^iration,  a  quantity  of  air  is  left  in  the  lungs.  This  residual  air 
amounts  to  about  100  cubic  inches. 

An  adult  at  rest  breathes  about  686,000  cubic  inches  in  the  course 

of  twenty-four  hours;  a  laborer  at  full  work,  about  1,586,900  cubic 
inches — more  than  double.  The  amount  of  air  x^assing  into  the  lungs 
has  been  estimated  at  400  cubic  feet  in  a  state  of  rest,  600  in  exercise, 

1,000  in  severe  exertion.  The  number  of  air  cells  in  the  lungs  is  esti- 
mated at  5,000,000  or  6,000,000,  and  their  surface  at  about  20  square 

feet.  The  epithelium  or  membranous  film  between  the  blood  and  air  is 
exceedingly  thin,  and  in  many  x)arts  the  capillaries  are  exi)osed,  in  the 
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dividing  walls  of  cells,  to  air  on  both  sides.  Tlie  weight  of  air  inhaled 
iu  the  course  of  the  daj^  is  seven  or  eight  times  that  of  the  food  eaten. 
The  mechanical  work  of  breathing  represents  energy  expressed  by  the 

lifting  of  21  tons  1  foot  in  24  hours.^ 
From  every  volume  of  air  inspired  about  4.^  i:>er  cent  of  oxygen  is 

abstracted,  and  a  somewhat  smaller  quantity  of  carbonic  acid  gas  is  at 
the  same  time  added  to  the  exx)ired  air. 

Experiments  on  animals  show  that  the  amount  of  oxygen  absorbed 
is  very  little  if  at  all  increased  by  an  excess  in  the  air  surrounding 
them. 

OZONE. 

Ozone  is  an  important  constituent  of  the  atmosphere,  greatly  con- 
tributing to  its  purity  and  freshness  and  to  the  vigor  of  human  life. 

It  is  a  form  of  oxygen  in  which  the  molecule  is  considered  to  be 
composed  of  three  molecules  of  the  gas. 

Although  existing  in  small  quantity  in  the  air,  rarely  exceeding  1 
part  in  10,000,  the  activity  of  ozone  is  so  great  and  its  function  so 

beneficial  that  its  presence  in  normal  quantity  is,  in  ordinary  sur- 
roundings, a  fair  guaranty  of  the  i)urity  of  the  air  and  of  healthy  con- 

ditions so  far  as  breathing  is  concerned.  jSTo  ozone  is  found  in  the 
streets  of  large  towns,  in  most  inhabited  rooms,  near  decomposing 

organic  matter,  and  in  confined  spaces  generally.  In  very  large,  well- 
ventilated  rooms  it  is  sometimes,  though  rarely,  detected.  Ozone  is 
found  in  very  small  quantity  a  little  to  leeward  of  a  large  town.  Even 
at  Brighton,  a  town  of  about  110,000  inhabitants,  ozone  was  barely 
discoverable  on  the  pier  when  the  wind  blew  from  the  town,  but 
abundant  when  the  wind  was  from  another  direction. 

Ozone  has  the  i)ower  of  oxidizing  to  a  much  higher  degree  than  oxy- 
gen, and  vigorously  attacks  organic  matter  in  a  fine  state  of  division. 

It  is  therefore  a  strong  disinfectant.  Its  oxidizing  power  is  the  reason 
of  its  absence  from  confined  spaces  where  organic  matter,  dust,  or  smoke 
is  i)resent,  for  such  matter  quickly  uses  up  the  small  portion  of  ozone 
which  enters  with  the  fresh  air.  The  walls,  furniture,  etc.,  are  also 
covered  with  fine  dust,  which  the  ozone  attacks.  The  difference  we 
feel  in  going  from  a  furnished  room,  however  large,  into  the  open  air, 
is  thus  partly  accounted  for.  There  is  somewhat  more  ozone  on  moun- 

tains than  on  plains,  and  most  of  all  near  the  sea.  Water  is  said  by 
Carius  to  absorb  0.8  of  its  volume  of  ozone.  An  examination  of  sea 
water  with  a  view  to  detect  tlie  amount  contained  in  it  would  be  diffi- 

cult, but  might  give  interesting  results.  A  great  excess  of  ozone  is 
destructive  to  life,  and  oxygen  containing  one  two  hundred  and  fortieth 
part  of  ozone  is  rapidly  fatal.  The  ordinary  quantity  even  has  bad 
effects  in  exacerbating  bronchitis  and  bronchial  colds  and  some  other 
affections  of  the  lungs. 

1  Professor  Hanghton,  Carxjenter's  Princii)les  of  llumau  Physiology. 
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Ozone  is  formed  by  the  passage  of  the  electric  spark,  and  especially 
of  the  brisk  discharge  through  oxygen,  and  is  therefore  found  in 
unusual  quantity  after  thunderstorms.  It  may  also  be  formed  by  the 
slow  oxidation  of  phosphorus,  and  of  essential  oils  in  the  presence  of 
moisture;  also  by  the  decomposition  of  water  by  a  galvanic  current. 
When  formed  by  electric  discharge  in  air,  it  is  quickly  turned  back 
again  into  oxygeu,  either  by  further  discharges  or  by  the  action  of  high 

temperature,  about  230°  C.j  at  the  temi:)erature  of  boiling  water  it  is 
slowly  decomposed  in  moist  air.  Its  pungency  of  odor  is  said  to  make 
it  easily  perceptible  when  only  present  to  the  extent  of  1  volume  in 
2,500,000  volumes  of  air,  and  the  smell  may  sometimes  be  noticed  on 

the  seabeach.  It  has  been  liquefied  at  100°  C.  under  127  atmospheres 
pressure.  In  this  form  it  shows  a  dark  indigo-blue  color;  gaseous 
ozone  looked  at  in  a  tube  1  meter  long  also  shows  a  blue  color.  Thus 

there  can  be  little  doubt  that,  in  conjunction  with  oxygen  and  fine  dust, 
it  contributes  to  the  azure  hue  of  the  sky. 

NITROGEN. 

Mtrogen,  the  gas  which  constitutes  four-fifths  of  the  volume  of  the 
atmosphere,  takes  no  direct  part  in  the  sustenance  of  human  life,  but 
has  two  great  functions  to  perform:  first,  the  dilution  of  oxygen  to  the 

proper  and  tolerable  strength  for  respiration,  and  secondly,  the  supply 
of  food  material  to  plants. 

Although  life  is  possible  for  many  hours  in  pure  oxygen,  it  is  hardly 
conceivable  that  the  human  constitution  could  be  so  modified  as  to 

endure  for  long  an  atmosphere  of  so  actively  combustible  a  character. 

At  any  rate,  nitrogen  is  indispensable  in  present  conditions  to  the 
human  race.  Plants,  with  few  exceptions,  do  not  absorb  nitrogen  from 

the  air,  and,  indeed,  in  the  case  of  most  of  these  exceptions  the  supply 
of  nitrogen  is  in  a  transitional  compound  form.  Mtrogen  is  brought 
to  the  plants  in  general  by  processes  of  decay,  and  by  the  action  of 
microbes  in  the  soil,  which  rearrange  organic  elements,  forming  nitrates 
and  nitrites.  These  nitrogen  compounds  are  largely  applied  to  the 
roots  of  i^lants  as  manure.  Only  one  or  two  classes  of  plants  can  take 
up  nitrogen  from  the  air.  Certain  low  algte,  freely  exposed  to  light  and 
air,  seem  to  absorb  nitrogen  directly.  Leguminous  i^lants,  such  as 
peas,  vetches,  lupins,  beans,  clover,  etc.,  absorb  nitrogen  from  the  air 
in  a  very  curious  way.  Nodules  or  swellings  are  found  on  the  roots; 
these  contain  minute  fungi  or  microbes;  the  bacteria  absorb  nitrogen 

from  the  air,  and,  probably  at  the  expense  of  the  energy  of  the  carbo- 
hydrates, etc.,  which  they  oxidize,  supply  this  nitrogen  in  the  form  of 

compounds  to  the  plant.  These  recently  discovered  facts  open  out  the 
prospect  of  obtaining  scientifically  from  the  air,  in  some  cases  at  least, 

the  nitrogen  whick  is  now  applied  in  combination  with  oxj^gen,  soda, 
etc.,  as  manure.  If  by  the  aid  of  special  bacteria  parasitic  upon  the 
plant  we  can  systematically  obtain  the   chief  element  of  manurial 
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stuffs  from  the  atmosphere  itself,  a  great  advance  will  have  been  made 
in  agriculture  and  in  the  cheapening  of  food. 

CARBON   DIOXIDE. 

Carbonic  acid  gas,  or  carbon  dioxide,  is  found  in  small  quantities 
everywhere  in  the  air,  and  in  about  the  same  proportion  at  11,000  feet 

as  at  the  sea  level.  It  is  a  colorless,  transparent  gas  and  does  not  sup- 

port combustion  or  animal  life.  At  0°  0.  it  may  be  liquefied  under  a 
pressure  of  38.5  atmospheres.  When  liquefied  and  then  allowed  to 

escape  it  freezes  into  a  snow-white  solid  in  the  air,  and  in  a  vessel 
under  the  vacuum  of  the  air  pump  freezes  into  a  transparent  mass 
like  ice. 

One  liter  of  carbonic  dioxide  at  0°  C.  and  760  mm.  pressure  weighs 
1.97714,  nearly  double  the  weight  of  air,  taken  as  1. 

At  the  ordinary  temperature  and  pressure  water  dissolves  about  its 
own  volume  of  the  gas.  Dissolved  in  rain  it  exerts  in  the  course  of  time 

a  very  powerful  disintegrating  effect  on  rocks  and  minerals,  so  that 
the  crust  of  the  earth  is  greatly  modified  by  the  constant  action  of  the 
solution. 

The  chief  sources  of  carbonic  dioxide  in  the  air  are  the  respiration  of 

animals  and  the  burning  of  fuel.  A  large  quantity  emerges  from  the 
earth  in  certain  places,  as  in  the  Poison  Valley  of  Java,  and  m  many 
mineral  springs,  where  it  effervesces  out  of  water  escaping  from  pressure. 

Saussure  found  the  amount  per  cent  in  a  wood  near  Geneva  to  be 

0.0504  in  the  day  and  0.0576  at  night;  in  January,  0.0423;  in  August, 
0.0568.  In  Geneva  he  found  an  average  amount  of  0.0468,  compared 
with  0.0437  in  the  wood. 

Schulze,  Eeiset,  Levy,  Armstrong,  and  Muntz,  in  different  places, 
made  several  thousand  observations,  and  the  mean  of  all  these  showa 

during  the  day  0.0299,  and  during  the  night  0.0317.  Eeiset's  long  con- 
tinued observations  in  the  country  4  miles  from  Dieppe  gave  an  average 

of  0.02942 ;  and  in  June,  above  the  crop  of  red  trefoil,  0.02898 ;  in  July, 
above  barley,  0.02829;  near  a  flock  of  sheep,  0.03178. 

Thorpe's  very  carefully  conducted  experiments  agree  well  with  the 
above  values,  and  give  for  the  air  over  the  sea  0.03011.  Armstrong,  at 
Grasmere,  obtained  during  the  day  0.0296,  and  during  the  night  0.033. 

At  the  Montsouris  Observatory  the  mean  during  1877-1882  was  0.03. 
In  an  unventilated  barrack  the  following  amounts  have  been  re- 

corded as  the  result  of  careful  observations:  0.1242,  0.189,  0.195;  in 
a  hospital  at  Ketley,  0.06  to  0.08;  in  the  General  Hospital,  Madrid, 

0.32  to  0.43;  in  a  boys'  school,  4,640  cubic  feet  and  67  boys,  0.31;  in  a 
crowded  meeting,  0.365;  in  a  schoolrjoom  at  Madrid,  10,400  cubic  feet 
and  70  girls,  0.723;  in  a  stable  at  Hilsea,  cubic  space  655  feet  per 
horse,  0.1053. 

It  is  not  easily  explained  why  the  normal  amount  of  carbonic  dioxide 

in  the  free  air  has  been  so  long  assumed  in  scientific  articles  and  text- 
books as  0.04  per  cent,  or  4  volumes  per  10,000,  when  the  best  recent 
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observations  show  an  average  not  exceeding  0.0317  per  cent,  even  at 
night,  and  a  general  mean  of  abont  0.0308,  or  3.08  volumes  in  10,000. 
All  the  most  recent  works  on  hygiene,  however  generally  accurate, 
repeat  this  error. 

Considering  the  value  of  small  quantities  in  these  measurements, 
especially  where  they  affect  human  life,  it  is  most  desirable  that  the 
standard  should  be  taken  rather  as  3  than  4  volumes  per  10,000. 
Although  carbon  dioxide  does  not  itself  supx)ort  animal  life,  and  we 

could  do  veiy  well  without  it  in  the  atmosphere  so  far  as  breathing  is 
concerned,  it  is  necessary  to  the  growth  of  plants,  and  therefore  through 
them  an  indispensable  substance  for  the  existence  of  the  human  race. 
The  vegetable  world  not  only  needs  a  supply  of  this  gas  for  its  own 

sustenance,  but  by  the  selective  action  of  its  leaves  keeps  the  air  con- 
tinually pure  enough  for  the  life  of  animals.  Under  the  influence  of 

sunlight  every  green  plant  absorbs  the  carbonic  dioxide  at  its  surface, 
breaks  it  up  into  carbon  and  oxygen,  and  returns  some  free  oxygen  to 
the  atmosphere.  In  this  way  the  two  great  kingdoms,  the  vegetable 
and  the  animal,  mutually  contribute,  each  to  the  other,  the  elements 
of  life.  The  carbon  drawn  from  the  air,  together  with  hydrogen  and 
oxygen,  forms  the  wood  of  the  tree,  the  stalk  of  the  plant,  and  the 
flesh  of  the  fruit,  and  these,  when  burnt  or  eaten,  again  result  in  carbon 
dioxide  and  water. 

The  change  from  the  compound  gas  to  carbon  and  oxygen  is  brought 
about  by  small  openings  or  pores  filled  with  a  green  substance, 
chlorophyll,  which  during  the  daytime  has  the  power  to  extract  the 
carbon  and  set  free  the  oxygen.  At  night,  on  the  contrary,  there  is  a 
slight  expiration  of  carbonic  dioxide,  so  that  there  is  a  real  reason 
against  keeping  large  green  plants  in  a  bedroom  during  the  night. 
But  the  amount  is  very  small  compared  with  that  exhaled  by  one 

person. 
It  is  now  known  that  plants,  like  animals,  breathe  oxygen  from  the 

air,  while  they  use  the  carbonic  acid  as  food. 
About  1,346  cubic  inches  of  carbonic  dioxide  are  exhaled  by  a 

healthy  man  per  hour.  An  adult  gives  off  in  repose  about  0.7  cubic 
foot,  and  in  active  work  about  1  cubic  foot  per  hour.     (Pettenkofer.) 

It  is  a  remarkable  fact  that  this  amount  is  much  reduced  when  the 

air  is  already  fouled  with  this  gas;  experiments  showed  that  where 
the  same  air  was  rebreathed,  as  it  often  is,  the  reduction  was  from  32 
to  9.5  inches  per  minute.  Thus  it  appears  that  the  elimination  of 
waste  products  from  the  system  is  seriously  checked  by  the  presence 
in  the  air  breathed  of  an  excess  of  carbonic  dioxide.  Otherwise 

stated,  air  in  crowded  places  may  continue  to  sustain  life  while  it  fails 
to  remove  any  but  a  very  inadequate  portion  of  the  poisons  with  which 
the  blood  is  charged. 

The  general  surface  of  the  skin  of  the  body  also  gives  out  a  consid- 
erable quantity  of  carbon  dioxide,  though,  of  course,  very  much  less 

than  the  lungs. 
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About  67,200  cubic  feet  of  carboa  dioxide  ̂   are  given  off  by  the  burn- 
ing of  every  ton  of  coal.  Since  about  405,480  tons  are  burnt  daily  in 

England  on  an  average  (the  quantity  is  much  larger  in  winter),  the  air 
over  the  country  receives  daily  about  24,728,250,000  cubic  feet  of  the 
gas,  or  1,200,000  tons. 

The  perfect  burning  of  ordinary  coal  gas  gives  rise  to  200  cubic  feet 
of  carbonic  dioxide  for  every  100  cubic  feet  of  gas  consumed.  Practi- 

cally every  cubic  foot  of  gas  burnt  vitiates  as  much  air  as  the  respira- 
tion of  one  person.  So  that  in  a  large  town  during  the  evening  hours 

in  winter  the  vitiation  of  the  air  is  in  main  streets  and  in  rooms  many 
times  larger  than  during  the  daytime. 
Angus  Smith,  whose  methods  were  not  quite  so  precise  as  those  later 

in  use,  found  the  following  amounts  of  the  gas  in  air  in  the  situation 
described : 

Hills  in  Scotland,  1,000  to  4,406  feet  high    0.0332 
Bottom  of  same  hills   0331 

In  the  suburbs  of  Dundee  at  night   028 
In  Dundee  at  night   012 
In  London  parks   0301 
On  the  Thames   0343 

Where  fields  began  around  Loudon   0369 
In  the  streets  in  London  in  summer   0380 
In  Manchester  in  usual  weather   0403 

In  Manchester  in  fogs   .-.   0679 
In  workshops   300 
In  the  chancery  court,  3  feet  from  the  ground   203 
In  the  Standard  Theater  pit   323 

In  very  ill-ventilated  Cornish  mines    2.  50 

It  appears  from  these  figures  that  hill  air,  like  that  of  the  open  coun- 
try and  of  the  seaside,  contains  little  carbonic  acid,  but  is  not  superior 

in  this  respect  to  the  air  of  the  central  parts  of  large  parks  in  towns. 
In  the  streets  of  a  town  the  amount  is  decidedly  larger  by  about  1  in 

10,000  than  the  average  amount  of  the  country.  During  the  preva- 
lence of  fogs,  streets  and  confined  places  in  towns  often  contain  double 

the  natural  amount.  The  condition  of  the  air  of  workshops,  theaters, 
and  crowded  places  generally  is  evidently  foul  and  dangerous  to  health. 

In  the  central  parts  of  London,  within  the  city.  Dr.  W.  J.  Russell 
found  a  mean  of  0.0422  for  three  winters,  and  0.0379  for  two  summers. 
During  fogs  the  amounts  were  much  higher,  giving  an  average  of  0.072, 
and  on  one  occasion  a  measurement  of  0.141  was  recorded.  The  lifting 
of  a  fog  was  followed  by  a  rapid  decrease  in  the  excess.  On  still  dark 
days  the  amount  was  large.  On  fine  days,  in  strong  winds,  and  on 
holidays,  the  quantity  was  below  the  average. 

The  deficiency  of  oxygen  and  excess  of  carbonic  acid,  which  are 
common  to  nearly  all  rooms,  schools,  churches,  theaters,  and  workshops 
where  many  persons  are  gathered,  are  very  favorable  not  only  to  the 
spread  of  various  infectious  diseases,  but  to  the  maintenance  of  a  number 

*  Eeduced  to  about  the  average  temperature  of  the  air  in  England,  50^, 
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of  minor  ailments  j  and  where  the  exposure  to  foul  air  is  prolonged, 
as  in  workshops,  offices,  and  mills,  to  a  continued  depression  of  vitality. 
Various  artificial  means  have  been  tried  for  improving  the  air  of 
crowded  rooms,  and  some  are  successful,  but,  on  the  whole,  the  direct 
admission  of  plenty  of  fresh  air  in  currents  directed  upward  and  the 
removal  of  bad  air  by  flues  of  sufficient  diameter  give  in  the  long  run 
the  most  satisfactory  results. 

The  worst  condition  of  air  to  which  people  are  often  exposed  would 

probably  be  found  in  closed  railway  carriages.  The  capacity  of  an 

ordinary  third-class  compartment  in  England  may  be  put  at  240  cubic 
feet:  it  is  certainly  not  greater.  Containing  10  persons,  it  provides  for 

each  person  24  cubic  feet  of  air  at  the  beginning  of  a  journey.  Sup- 
posing the  air  to  be  unchanged,  in  the  course  of  one  hour  each  person 

will  have  breathed  17.7  of  these  cubic  feet.  Therefore,  at  the  end  of 
one  hour  177  cubic  feet  out  of  240  in  the  compartment  will  have  been 
breathed  out  of  the  lungs  of  its  occupants.  Since  an  average  man 
breathes  out  0.6  cubic  feet  of  carbon  dioxide  per  hour,  the  amount  of 
excess  of  this  gas  in  the  compartment  at  the  end  of  an  hour  is  6  cubic 
feet  j  or  otherwise  stated,  the  amount  in  the  air,  instead  of  the  normal 
proportion  of  0.03  per  100  cubic  feet,  is  2.53  per  100  cubic  feet.  At  the 
same  time  the  oxygen  is  reduced  and  a  quantity  of  organic  poison  and 
vapor  is  taken  in  with  every  breath.  Practically,  however,  we  must 
take  into  account  the  facts  that  from  the  first  minute  every  person  in 
the  compartment  breathes  not  a  fresh  parcel  of  air  at  every  breath, 
but  an  already  contaminated  product,  and  that  an  excess  of  carbon 
dioxide  has  the  effect  of  at  once  diminishing  the  quantity  expired. 

Thus  the  amount  of  carbon  dioxide  would  not  be  so  large  as  that  cal- 
culated, but  may  be  estimated  at  one-half — 1.2Gper  cent.  But  the  defi- 

ciency in  the  carbon  dioxide  breathed  out  tells  of  carbon  and  other 
matters  remaining  unoxidized  in  the  human  system.  The  case  of  the 

compartment  supposed  air-tight  is  an  extreme  one  and  not  quite  exem- 
plified in  practice,  but  some  approach  to  the  condition  described  occurs 

in  thousands  of  railway  compartments  on  every  calm,  cold,  winter 
morning  and  evening.  Again,  in  traveling  to  the  south  of  Europe  in 
the  winter  of  1893  it  was  noticeable  that  48  persons  were  shut  up  in  one 
long  carriage  with  a  communicating  passage  between  the  compartments 
and  without  any  efficient  ventilation  even  through  a  hole  or  chink,  the 
windows  and  doors  all  being  made  to  fit  closely.  Twelve  hours  of 
breathing  the  same  air  would  be  likely  to  bring  the  occupants  to  a 
worse  condition  than  where  ten  persons  sleep  in  one  small  bedroom, 

which  is  about  the  worst  case  actually  occurring  in  large  towns.  More- 
over, these  carriages  are  largely  used  by  invalids  and  consumptives,  and 

must  become  sources  of  infection  to  delicate  persons. 
Experiment  by  means  of  the  sense  of  smell  has  shown  that  air  in  a 

room  seems  fresh  when  the  carbon  dioxide  does  not  exceed  0.05999  per 

cent,  a  little  unpleasant  when  the  proportion  is  0.08004  per  cent,  offen- 
sive and  very  close  at  0.12335,  and  extremely  close,  when  the  sense  of 
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smell  can  no  longer  differentiate,  at  0.12818.  In  a  railway  comj)art- 
ment  this  amount  is  often  greatly  exceeded. 

It  is  recognized  by  the  best  authorities  that  in  order  to  keex>  the  air 
in  a  room  in  a  state  good  for  respiration  every  person  should  be  supplied 

with  3,000  cubic  feet  of  fresh  air  in  every  hour.  Thus,  in  an  unventi- 
lated  railway  carriage  occupied  by  one  person,  the  whole  of  the  air 
would  require  to  be  changed  thirteen  times  an  hour,  and  if  occupied 
by  ten  persons,  one  hundred  and  thirty  times  an  hour.  Plainly,  the 
ventilation  provided  by  ventilators  or  by  2  or  3  inches  of  open  wiudow 
is  incompetent  to  do  this,  and  falls  very  far  short  of  what  is  required 
when  the  wind  blows  in  the  same  direction  as  that  in  which  the  train 

is  moving,  virtually  resulting  in  a  calm. 
A  space  of  750  to  1,000  cubic  feet  ip  a  room  is  properly  required  for 

each  person,  when  the  whole  of  the  air  is  renewed  by  imperceptible  and 
even  ventilation  about  three  times  an  hour.  This  standard  is  commonly 
not  approached  when  several  persons  occupy  a  small  room  and  windows 

and  doors  are  closed.  In  a  railway  compartment  the  space  for  ten  i)er- 
sons  should  be  on  the  same  scale — 7,500  cubic  feet,  at  least — and  the 
air  should  be  changed  completely  three  times  an  hour,  at  least.  As  a 

matter  of  fact,  the  space  is  only  one-thirtieth  of  this  desirable  quantity, 
and  the  whole  air  may  in  many  cases  be  changed  not  more  than  three 

times  an  hour.  Since  the  space  can  not  well  be  increased,  the  alterna- 
tive must  be  takep.  of  largely  increasing  the  flow  of  air  through  the 

compartment.  Small,  fixed  openings  above  the  windows  and  a  venti- 
lator in  the  roof  would  be  the  most  efficient  means  of  replacing  foul  air 

by  fresh.  The  openings  might  be  made  to  diminish  in  size  in  proi)or- 
tion  to  the  strength  of  the  wind  encountered,  and  should  be  so  situated 
as  not  to  cause  a  perceptible  draft.  In  rooms  there  is  no  better  cheap 
ventilation  for  a  mild  climate  than  that  obtained  by  thickening  the 

lower  part  of  the  fr-ame  of  a  sash  window  so  as  to  leave  a  space  between 
the  two  sashes  by  which  air  enters  and  diffuses  itself  through  the  room, 
escape  being  provided  by  the  chimney.  Tubes  of  rather  large  size  com- 

municating directly  with  the  outer  air,  and  with  their  interior  openings 
directed  ujiward  about  4  feet  above  the  floor,  are  very  satisfactory,  and 
by  means  of  a  valve  or  damper  can  be  regulated  so  as  to  admit  more  or 
less  air,  according  to  weather. 

For  large  houses  and  cold  climates,  where  more  expensive  apparatus 

may  conduce  to  ultimate  economy,  a  thoroughly  satisfactory  arrange- 
ment is  the  provision  in  the  basement  of  a  coke  boiler  with  a  system  of 

hot- water  tubes  contained  in  a  chamber  into  which  fresh  air  passes,  and 
is  thence  led  through  flues  into  the  upper  parts  of  the  various  rooms, 
where  it  becomes  cooled  and  flows  away  with  the  products  of  respira- 

tion through  openings  near  the  floor  into  i^ipes  connected  with  a  shaft 
next  the  kitchen  chimney,  and  so  upward  into  the  open  air.  But  the 
boiler  and  stove  require  much  attention,  and  the  substitution  of  gas  for 
solid  fuel  would  sometimes  be  preferable. 

Gas  fires  are  good  if  the  products  of  combustion  are  not  permitted  to 
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mingle  with  the  air  in  the  room,  but  carried  off  by  the  chimney,  as  with 
coal  fires.  The  poisonous  gases,  etc.,  generated  by  combustion  are 
very  apt  to  cause  sore  throats,  headache,  and  other  ailments,  and  may 
favor  the  incidence  of  diphtheria.  Carbon  monoxide,  which  is  given 
off  by  charcoal,  coke,  and  gas  fires  in  small  quantities,  is  a  strong 

poison. 
VAPOR   OF   WATER. 

The  atmosphere  of  vapor  of  water  coexisting  with  and  interpene- 
trating the  atmosphere  of  nitrogen  and  oxygen  is  of  no  less  impor- 

tance to  human  life.  Its  physical  properties  are  very  different  and  its 

characteristic  is  variety  of  state,  while  that  of  the  dry  "air  in  which  it 
floats  is  uniformity  of  state.  Air  is  solid  at  —328°  F.  under  a  pressure 
of  1,000  atmospheres ;  vapor  of  water  is  solid  at  32°  F.  under  a  pres- 

sure of  1  atmosphere.  Recent  researches  have  proved  that  cohesion, 
the  force  by  which  bodies  are  held  together,  increases  as  temperature 

is  reduced.  At  the  exceedingly  low  temperature  of  328°  F.  metals 
and  other  solids  are  firmer  than  at  any  higher  degree.  Heat  is  there- 

fore a  force  by  which  the  molecules  of  substances  in  general  are  driven 

further  asunder  in  the  whole  range  of  temperature.  The  force  of  cohe- 

sion is  less  in  gases  than  in  liquids  and  solids  -,  and,  indeed,  is  not 
manifested  at  all  at  ordinary  temperatures  and  pressures.  By  great 
cold  and  great  pressure,  however,  all  gases  but  one  have  been  brought 
to  the  liquid  condition,  wherein  cohesion  obtains  the  advantage  over 
heat,  and  it  is  almost  certain  that  by  still  greater  cold  all  gases  would 
be  enabled  to  exist  as  cohesive  solids.  The  habitable  state  of  our  globe 
depends  on  the  adjustment  of  temperature  and  atmospheric  density  so 
as  to  permit  the  elements  of  life  to  maintain  their  appropriate  gaseous 
and  liquid  forms.  It  is  the  large  diversity  of  melting  and  boiling 
points  in  different  substances  which  makes  life  possible.  Uniformity, 
or  even  an  approximation  to  it,  would  be  fatal. 

Water  vapor,  instead  of  being  nearly  homogeneous  and  of  equal  den- 
sity at  equal  heights  above  the  earth,  varies  greatly  in  quantity  at  dif- 

ferent times  and  in  different  places.  Like  a  gas,  it  tends  to  diffuse 

itself  uniformly  through  the  atmosphere  as  in  a  vacuum,  but  the  resist- 
ance of  the  air  has  the  effect  of  retarding  the  rate  of  diffusion.  Owing, 

moreover,  to  the  never-ceasing  operation  of  unequal  condensation  and 
evaporation,  the  distribution  of  vapor  is  very  unequal,  both  in  time 
and  place.  The  average  quantity  near  the  sea  level  in  most  countries 
is  from  60  to  75  per  cent  of  that  required  for  complete  saturation. 

While  air  is  always  a  mixture  of  gases  in  a  fixed  proportion,  very  far 
beyond  any  possible  cause  of  liquefaction  or  solidification,  vapor  is 

never  far  from  its  condensing  point  j  thjit  is,  however  high  the  tempera- 
ture and  however  low  the  pressure,  a  moderate  amount  of  cooling  will 

always  bring  it  into  the  condition  of  water  or  ice.  The  repulsive  force 
in  the  perfect  gas,  or  in  air,  is  sufiBcient  to  keep  it  gaseous  at  the  lowest 
conceivable  temperatures  in  natural  conditions;  the  cohesive  force  in 
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water  is  sufficient  to  keep  it,  except  to  a  comparatively  small  amount, 
in  the  state  of  a  liquid.  Yet  this  small  proportion  which  flows  through 
our  atmosphere  reaches  the  enormous  weight  of  54,460  billions  of  tons. 
Lighter  than  air,  transparent,  almost  imi^alpable,  vapor  has  an  immense 
work  to  do  in  the  sustenance  of  all  that  grows  and  breathes  upon  the 
surface  of  the  earth.  Like  a  good  genius,  it  enables  the  air,  the  sun- 

shine, the  earth,  to  bring  forth  their  riches,  to  cover  the  globe  with 
verdure  and  gladness,  and  truly  to  make  the  desert  blossom  like  the 
rose.  Without  vapor  in  the  air,  there  would  be  no  streams,  no  lakes,  no 
wells.  The  land  would  be  uninhabitable  by  man,  except  so  far  as  fresh 
water  might  be  condensed  from  sea  water  by  machinery,  and  plants  for 
his  use  be  grown  by  the  seashore.  Even  then  the  human  system  would 
hardly  tolerate  the  parching  influence  of  a  perfectly  dry  atmosphere. 

Water  vapor,  having  a  low  temperature  of  condensation,  was  one  of 
the  last  substances  to  fall,  during  the  cooling  of  this  globe  millions  of 
years  ago,  from  the  vaporous  into  the  liquid  condition,  and  consequently 
remains  as  a  covering  between  the  rocks,  which  were  early  solidified, 

and  the  air,  which  was  not  solidified  at  all.  Water  covers  about  three- 
fourths^  of  the  whole  area  of  the  terrestrial  ball.  It  has  the  remark- 

able property  of  being  capable  of  existing  in  the  gaseous,  liquid,  and 
solid  states  within  a  small  range  of  temperature,  and  even  of  existing 
in  all  three  states  under  ordinary  conditions  at  temperatures  which  are 
common  in  winter  over  a  large  area,  and  which  are  easily  borne  by 
human  beings. 

In  every  cubic  inch  of  water  are  many  thousands  of  millions  of  mil- 
lions of  molecules,  and  all  of  these  vibrate  more  or  less  rapidly  under  the 

stroke  of  heat.  Some  molecules,  as  a  result  of  collisions  among  them- 
selves, which  are  very  numerous  in  every  second,  and  as  a  result  of 

their  situation  on  the  surface  of  the  sea,  are  propelled  with  such 
velocity  that  they  leap  above  the  general  surface,  get  beyond  the 
retaining  power  of  cohesion,  and  are  taken  up  by  the  wind  or  by  rising 
currents  and  carried  aloft.  The  vapor  rising  from  the  water  surface  is 
warm,  has  in  fact  become  vapor  owing  to  being  in  more  energetic 
vibration  than  the  average  of  the  particles  of  water.  Moreover,  vapor 
is  lighter  than  air.  So  the  lowest  stratum  of  vaporous  air  near  the 
tropical  sea  becomes  lighter  than  the  air  above  it  for  three  reasons: 
First,  by  being  in  contact  with  the  warm  water  which  has  absorbed  the 

sun's  rays ;  secondly,  by  being  mixed  with  vapor  which  is  lighter  than 
the  air  it  displaces,  and  thirdly,  by  this  vapor  coming  from  the  warmest 
or  most  strongly  vibrating  molecules  on  the  water  plane. 

The  force  of  gravitation,  it  should  be  observed,  is  often  of  very  little 
account  where  small  particles  such  as  these  molecules  of  water  are  to 
be  considered.  A  slight  charge  of  electricity  would  be  enormously 
more  powerful  in  directing  the  motion  of  a  single  molecule.    The  reason 

^  The  proportion  of  water  to  laud  is  about  145,000,000  square  miles  to  52,000,000 
Bquare  miles, 

230a   2 
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of  this  is  that  gravitation  diminishes  regularly  with  the  size  of  par- 
ticles of  the  same  substance;  but  electricity,  since  it  resides  on  the 

surface,  diminishes  at  a  much  slower  rate.  It  is  likely  that  electricity 
would  often  cooperate  with  heat  differences  in  driving  the  vapor  from 
the  surface  in  an  upward  direction.  Evaporation  is  increased  by  low 
barometric  i)ressure,  so  that  an  area  of  depression  to  some  degree  on 
this  account  tends  to  maintain  itself. 

By  the  beautiful  law  of  the  diffusion  of  gases,  according  to  which 
each  gas  spreads  itself  through  a  si^ace  as  if  that  space  were  a  vacuum, 
subject  only  to  retardation  of  the  rate  of  diffusion  by  another  gas 
already  permeating  the  space,  vapor  diffuses  itself  through  air,  not 
with  great  rar>idity,  but  so  as  to  produce  a  fairly  equable  mixture  in 

the  same  locality.  The  molecules  of  vapor  have  to  encounter  thou- 
sands of  molecules  of  air  in  every  inch  and  millions  in  every  second 

of  their  progress,  and  if  weather  depended  on  diffusion,  without  the 

bodily  transferences  of  large  quantities  of  air  horizontally  and  verti- 
cally owing  to  perpetually  changing  distributions  of  heat,  the  condi- 
tions of  climate  would  be  extreme  and  intolerable. 

A  very  common  form  of  exchange  set  up  where  the  heat  and  mois- 
ture are  not  excessive  by  contrast  with  neighboring  masses  is  by  thin 

streams,  filaments,  or  spirals  of  lighter  vaporous  air  rising  into  the 
upper  region,  while  colder  filaments  descend  toward  the  earth  or  sea. 
This  movement  occurs  under  placid  conditions,  with  cloudless  sky,  and 

when  observed  in  temperate  climates  may  be  taken  as  a  sign  of  consid- 
erable stability  in  the  disposition  of  the  atmosiohere. 

At  other  times,  also  commonly  in  fine  weather,  the  warmer,  lighter 
strata  below  break  during  the  daytime  into  the  upper  strata  by  means 
of  small  columns,  of  a  good  many  yards  in  diameter.  These  are  often 
capped  with  rounded  cumulus  clouds  where  they  attain  an  elevation 
and  refrigeration  beyond  their  dew  point. 

Occasionally,  but  rarely,  the  lower  air  breaks  suddenly  in  a  large 
torrential  eddy,  which  may  be  several  furlongs  in  diameter,  into  the 
upper  region.  The  disturbance  may  give  rise  to  a  cyclone,  whirlwind, 
or  tornado.  This  occurs  when  the  condition  is  abnormal,  the  lower 
strata  being  very  moist  and  warm  and  the  upper  relatively  cold  and 
dry,  and  when  from  some  cause,  such  as  the  prevalence  of  superposed 
winds,  the  interchange  of  differing  air  volumes  has  been  delayed.  The 
conflict  of  currents  from  different  directions  near  the  surface  may  then 
give  rise  to  an  eddy,  and  this  will  be  a  favorable  occasion  for  a  rush  of 
light  air,  as  through  a  chimney,  toward  the  high  level.  Air  flows  in 

from  all  sides,  but  can  not  easily  reach  the  center,  owing  to  the  earth^s 
rotation,  the  onward  movement  of  the  whirl,  and  centrifugal  force.  In 

the  present  writer's  opinion,  a  cyclone  may  be  started  or  maintained 
by  the  strong  wind,  of  100  miles  an  hour  or  more,  which  often  blows  at 

a  great  elevation  in  the  tropics  and  neighboriog  parts.  At  one  observ- 
atory in  the  United  States  a  velocity  of  I8O1  miles  an  hour  lias  been 
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registered.  The  effect  of  a  strong  horizontal  wind  on  a  "chimney"  of 
hot  vaporous  air  would  be  to  increase  greatly  the  force  of  the  upward 
torrent,  as  has  been  proved  by  anemometric  experience  with  tall  chimney 
shafts  and  domestic  fires.  The  effect  of  the  violent  wind  is  exceedingly 
destructive,  especially  when  the  tornado  is  of  small  diameter.  Some 
towns  in  the  United  States  are  particularly  subject  to  these  storms, 

and,  as  they  generally  come  from  one  direction,  the  effect  of  building  a 
perpendicular  wall  of  200  or  300  feet  high  on  that  quarter  near  the  town, 
in  order  to  break  or  divert  its  course,  would  seem  worth  trying. 

Keturning  to  the  more  normal  conditions  of  the  atmosphere,  we  may 
imagine  the  vapor,  whether  from  land  or  sea,  to  have  mixed  much,  but 
not  uniformly  with  the  overlying  air.  The  differences  in  the  humidity 
of  different  masses  or  parcels  of  air,  and  the  viscosity,  friction,  or 
resistance  of  the  lower  strata,  where  the  pressure  is  15  pounds  to  the 

square  inch,  prevent  the  interaction  from  being  continuous  and  uni- 
form, and  consequently  the  ascending  currents  are  local  and  variable, 

but  when  once  fairly  started,  generally  persist  for  a  considerable  time, 
moving  all  the  while  with  the  prevailing  wind.  When  the  vapor 
streams  reach  a  certain  height,  they  begin  to  condense,  first  and  chiefly 
because  they  expand,  and  in  expanding  cool  themselves,  according  to 
the  laws  of  heat,  and,  secondly,  because  they  mix  with  cooler  strata. 
If  the  vapor  be  supposed  to  have  ascended  to  a  height  of  3,000  feet, 
the  pressure  upon  it  has  diminished  from  about  30  to  27  inches  of 

mercury,  or  by  about  one-tenth,  so  that  it  swells,  allowing  for  contrac- 
tion by  cold,  to  a  bulk  nearly  one- tenth  more  than  it  had  at  the  sea 

level.  This  is  sufficient  to  produce  a  large  diminution  of  temperature 
and  the  molecules  vibrate  so  much  less  rapidly  that  some  of  them  cease 
to  maintain  the  condition  of  vapor.  The  vapor  must  condense,  accord- 

ing to  recent  discoveries,  not  in  contact  with  mere  air,  but  upon  very 
minute  solid  particles,  motes,  or  dust,  which  may  consist  of  ultramicro- 
scopic  sand,  sea  salt,  or  other  material.  So  a  cloud  takes  form.  For 
eacli  amount  of  curvature  of  a  liquid  surface  there  is  a  definite  vapor 
pressure,  and  the  pressure  necessary  for  precipitation  is  greater  as  the 
surface  becomes  more  convex,  so  that  precipitation  takes  place  more 
easily  the  larger  the  water  globule  in  the  presence  of  vapor.  And  so 
great  is  the  pressure  required  for  the  condensation  of  vapor  in  free  air 
that  condensation  can  not  take  i^lace  except  upon  those  small  nuclei  of 
dust  which,  more  or  less,  are  present  throughout  the  lower  atmosphere. 
Solid  surfaces  exposed  to  gases  contract  a  film  of  gas  upon  their  sur- 

faces. ]N"ow,  the  dust  of  the  air,  owing  to  its  minuteness,  presents  an enormous  surface,  and  is  moreover  largely  hygroscopic,  so  that  the 
tendency  to  gather  a  film  of  vapor  of  water  upon  its  surface  becomes 
very  important  and  effective.  Without  this  fine  dust  in  the  air  the 

world  would  hardly  be  tolerable  or  even  habitable  by  the  human  race. 
The  vapor  would  condense,  not  in  the  sky  and  in  the  form  of  clouds, 
but  on  the  earth,  on  mouEtains,  trees,  houses,  and  clothes,  so  that  the 
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sun's  rays  would  strike  down  upon  us  oppressed  with  an  air  cloudless 
and  saturated,  and  all  objects  would  be  perpetually  streaming  with 
moisture.  An  approach  to  such  a  state  of  things  sometimes  actually 
occurs  on  high  mountains  when  the  air  is  saturated  and  at  the  same 
time  remarkably  free  from  dust. 

Clouds  are  often  caused  and  maintained  by  mixture  of  winds  or  cur- 
rents at  different  temx^eratures,  the  colder  current  reducing  the  tem- 

perature of  the  other  below  the  dew  point.  Such  clouds  may  be  very 
wide  in  extent,  but  are  not  often  dense,  except  in  sudden  and  violent 
disturbances. 

Eadiation  from  a  stratum  of  highly  vaporous  air  may  produce  a 
cloud,  and,  when  once  formed,  every  cloud  which  has  a  clear  sky  above 
it  radiates  strongly  and  tends  to  maintain  its  existence  by  the  conse- 

quent deposition  of  vapor  upon  its  particles  which  it  induces.  The 
intensity  of  radiation  into  space  depends  largely  on  the  dryness  of  the 

air  above;  and  since  dryness  increases  rapidly  with  height,  the  radia- 
tion from  a  high  cloud  is  much  more  rapid  than  from  a  low  one.  Other- 
wise high  clouds  would  dissolve  much  faster  than  they  do  in  the  rather 

dry  air  about  them.  If  the  heat  of  the  sun's  rays  falling  upon  a  cloud 
exceeds  the  loss  by  radiation,  the  cloud  diminishes  in  bulk  and  density. 
Thus  a  fog  frequently  dissipates  toward  the  middle  of  the  day.  But 
the  farther  the  fog  or  cloud  lies  from  the  surface  of  the  earth,  the  less 
is  the  heating  effect  of  the  sun,  for  loss  by  radiation  proceeds  faster 
and  is  not  compensated  by  terrestrial  warmth. 

Sometimes,  but  rarely,  cumulus  clouds  may  be  seen  to  precipitate 
fine  rain  suddenly,  about  sunset,  owing  to  the  sudden,  uncompensated 
loss  of  heat  by  radiation.  The  appearance  may  be  compared  to  a  veil 

suddenly  let  fall  which  does  not  reach  the  ground.  •  An  example  of  this 
phenomenon  occurred  in  the  south  of  England  on  AjDril  13,  1894. 

The  edges  of  clouds  are  always  changing,  and,  in  fact,  a  cloud  is  in 
constant  process  of  formation  and  solution.  Sometimes,  especially 
in  fine  weather,  or  with  a  strong  wind,  the  edges  are  hard,  rounded, 
and  well  marked.  This  may  be  owing  to  a  property  which  has  recently 
been  discovered  to  belong  to  aggregations  of  very  small  drops  when 

moderately  or  slightly  electrified — they  attract  one  another.  The  higher 
regions  of  the  air  are  strongly  electric,  especially  in  stormy  weather, 
and  the  particles  are  held  in  proximity  by  mutual  attraction  and  by  the 
attraction  of  the  mass  of  cloud. 

Fog  and  clouds  of  a  stratiform  character,  and  cumulus  clouds,  and 
cirrus  may  commonly  exist  without  rain,  and  in  most  countries  there  are 
many  days  in  the  year  wholly  overcast  but  rainless.  This  happens  most 
often  in  quiet  and  uniform  conditions  of  weather.  There  is  no  strong 
disturbance  in  the  upper  air ;  horizontal  currents  of  somewhat  differing 
temperature  give  rise  to  a  stratum  of  cloud  about  their  borders,  and 
this  soon  evaporates  when  carried  into  the  drier  air  above  or  falling 
into  the  warmer  air  below.     Cumulus  may  often  be  seen  to  sink:  and 
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vanish  at  sunset,  and  stratiform  cloud  by  itself  is  commonly  the  expres- 
sion of  moderate  condensation  under  quiet  conditions  insufficient  to 

precipitate  vapor  rapidly. 
A  cloud  layer  may  continue  for  some  days  with  strong  wind,  being 

caused  by  (1)  a  gradual  ascending  movement  of  the  lower  air  so  as  to 
precipitate  a  small  quantity  of  vapor  continuously  by  expansion  5  (2) 

by  contact  of  the  upper  surface  of  the  lower  current  with  a  colder  cur- 
rant at  a  higher  level;  (3)  by  radiation  from  a  rather  moist  stratum 

through  dry  upper  air;  or  (4)  by  a  warm,  moist  wind  arriving,  after  a 
long  passage,  in  cooler  latitudes,  and  gradually  becoming  cooler  by 
radiation  and  mixture. 

In  showery  weather  cumulus  clouds  are  very  often  seen  to  consist 
of  two  or  more  masses  at  levels  wide  apart,  and  the  upper  mass, 
which  is  harder  and  firmer-looking  than  the  lower,  seems  to  move 
much  less  fast.  Such  clouds,  even  though  heavy-looking,  may  pass 
over  without  rain,  and  it  is  generally,  only  by  the  appearance  of  rain 
in  the  air  and  landscape  under  them  that  they  may  be  distinguished 

as  actually  shower-laden.  Eain  is,  however,  far  more  probable  in 
these  cases  when  the  clouds  are  in  tiers  or  separate  layers;  indeed,  a 
single  cumulus  mass,  simple  and  uncillified,  seldom  precipitates  at  all. 
What,  then,  are  the  causes  of  rain ;  and  why  does  it  fall  from  some 

clouds  more  than  from  others  ? 

The  simi)lest  and  a  very  common  cause  of  rain  is  the  sudden  eleva- 
tion of  moist  air  to  a  higher  level,  with  the  consequent  chill  by  expan- 

sion. Standing  on  a  mountain  between  the  west  and  east  ends  of  a 
loch  in  Perthshire,  wlien  a  west  wind  is  blowing,  one  may  see  showers 
frequently  falling  among  the  mountains  westward,  and  failing  to  reach 
the  flatter  ground  toward  the  east.  The  wind,  even  before  it  reaches 
the  mountains,  is  tilted  upward  by  the  pressure  of  air  in  front  of  it,  is 
consequently  cooled,  and  precipitates  moisture  upon  their  western  sloi^es. 
When  the  air  descends  in  a  drier  and  warmer  condition  toward  the 

lower  ground,  the  clouds  quickly  dissolve  and  thin  out.  The  cloud- 
forming  and  the  shower-forming  effect  is  in  general  roughly  propor- 

tional, between  certain  limits,  to  the  height  and  steepness  of  the 

mountains.  The  great  cliff'  called  Slieve  League,  on  the  coast  of 
Donegal,  and  the  cliffs  of  Hoy,  in  the  Orkneys,  both  about  1,800  to 
2,000  feet  high,  cause  clouds  to  be  thickly  formed  sometimes  fully  half 
a  mile  to  windward.  Whether  rain  falls,  and  how  heavily,  depends 
chiefly  on  the  moisture  of  the  air  and  the  coldness  of  the  stratum  into 
which  it  is  forced. 

A  similar  but  little  recognized  effect  is  caused  by  opposing  masses 
of  air.  Thus,  let  a  moist  warm  southwest  wind  meet  a  cold  nortlieast 
wind;  the  southwest  wind  is  forced  upward,  especially  over  certain 
localities,  and  flows  over  the  northeast  wind,  expanding  very  largely 
and  rapidly  and  precipitating  moisture  heavily.  The  production  of 
heavy  thunderstorms  may  be  fully  accounted  for  by  the  local  eddies 
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and  conflicts  between  opposing  winds,  wliich.  occur  in  summer  when 

the  moist  warm  air-mass  is  lifted  to  great  heiglits. 
Generally,  we  may  state  the  formation  and  amount  of  rain  to  be 

dependent  on  the  following  conditions : 
(1)  The  height  to  which  the  lower  air  is  forced  upward. 
(2)  The  amount  of  vapor  in  the  lower  and  upj)er  air,  respectively. 
(3)  The  relative  coldness  of  the  stratum  into  which  the  lower  air  is 

projected. 
(4)  The  freedom  from  vapor  strata  and  from  cloud  of  the  ui)per  air, 

allowing  free  radiation  from  the  rain  cloud. 
(5)  The  electrical  condition  of  the  air  and  cloud. 
Where  mountains  are  high,  the  air  warm  and  moist  and  blowing 

toward  steep  slopes,  very  heavy  rain  falls  either  continuously  at  certain 
seasons,  or  in  thunderstorms,  according  to  the  character  of  the  winds, 
the  heat  of  the  sun  on  the  earth,  and  to  a  less  degree  the  temperature 
of  the  upper  air. 

The  ranges  of  hills  south  of  the  Himalayas,  the  Himalayas  them- 
selves, the  mountains  of  eastern  South  Africa,  and  the  Andes  give 

examples  of  such  eifects.  High  mountains  have  the  power  of  precipi- 
tating as  rain  or  snow  even  the  rather  small  quantity  of  vapor  which  has 

passed  over  a  continent,  and  thus  the  central  areas  of  countries  remote 
from  the  sea  are  provided  with  perennial  fountains  which  flow  down 
from  the  high  ground  and  pass  through  the  land  as  fertilizing  rivers. 

Another  cause  of  rain  is  the  radiation  into  space  of  the  heat  of  vapor 
and  of  water  particles  at  a  height.  Eecent  discoveries  have  revealed 
the  fact  that  vapor  does  not  condense  into  cloud  globules  in  ordinary 
conditions  without  the  presence  of  a  very  fine  dust  which  floats  in  the 
atmosphere.  When  this  dust  radiates  freely  and  moisture  is  deijosited 
upon  it,  and  when  a  cloud  is  formed,  the  upper  surface  of  the  cloud 
parts  with  more  heat  than  the  surrounding  air,  and  the  cloud  globules 
grow  in  size  by  contact  with  vapor. 

Now,  throughout  the  process  of  increase  in  size,  electricity  is  accu- 
mulated more  and  more  densely  on  their  surfaces,  for  the  electricity  of 

each  molecule  or  particle  resides  on  its  surface,  and  the  relative  surface 

of  a  globule  diminishes  as  the  size  of  the  globule  increases.  If  the  con- 
densation be  rapid,  the  particles  formed  are  very  unequal  in  size. 

Since  surfaces  only  increase  at  half  the  rate  of  bulk,  electricity  is 
much  denser  on  the  large  drop.  Now,  it  has  been  found  by  experiment 
that  large  drops  attract  small  ones  when  similarly  electrified,  and  each 
addition  further  increases  the  attractive  power  of  the  drop.  The  large 

drops  fall  through  a  cloud  at  a  much  greater  rate  than  the  small  par- 
ticles and  collide  with  many  more  droplets  in  the  same  time.  In  the 

course  of  a  fall  of  10,000  or  15,000  feet  through  cloud,  the  drops  may 
greatly  increase  in  size. 

The  sizes  of  drops  vary  from  0.0033  inch  to  about  0.1  inch.  An 
ascending  current  of  3  miles  an  hour  would  sustain  small  drops; 
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only  a  very  strong  upward  wind  would  sustain  the  largest.  A  hail- 
stone of  2.58  inches  in  diameter  would  he  kept  at  a  height  of  about 

15,000  feet  by  an  upward  blast  of  hurricane  force,  100  miles  an  hour. 
Drops  can  never  reach  the  size  of  a  hailstone,  for  the  resistance  of  the 
air  has  the  effect  of  breaking  them  up.  The  smallest  drops  would  take 
about  six  hours  and  forty  minutes  in  falling  from  a  cloud  10,000  feet 
high,  but  we  know  that  this  scarcely  ever,  if  ever,  happens.  In  reality 
the  smallest  drops  falling  on  the  earth  are  nearly  always  derived  from 
a  slight  elevation  and  very  small  drops  falling  from  a  great  height 

would,  except  in  an  extraordinarily  saturated  state  of  the  air,  evapo- 
rate in  their  course.  Ordinary  small  raindrops  take  about  six  minutes 

or  somewhat  less  in  falling  through  10,000  feet. 

Raindrops  are  perfectly  globular  in  form.  This  we  know  in  two  ways — 
first,  from  the  rainbow,  which  can  only  arise  from  the  regular  disper- 

sion of  white  light  by  transparent  globules  j  and,  secondly,  by  means 
of  instantaneous  photographs.  The  sphere  is  the  figure  of  smallest 
volume  which  can  be  assumed,  and  consequently  we  find  that  free 
liquids  under  the  influence  of  cohesion,  surface  tension,  or  gravitation, 
are  always  spherical. 

Since  a  raindrop  is  an  aggregation  of  cloud  particles  it  contains  a 
number  of  solid  particles  or  invisible  motes,  and  generally  a  very  small 

quantity  of  sea  salt.  Besides  this  "  dust"  it  attaches  to  itself  soluble 
gases  contained  in  the  air,  the  result  chiefly  of  animal  life,  of  decom- 

position of  organic  matter,  and  of  manufacturing  processes.  Thus, 
ammonia,  nitric  acid,  hydrochloric  acid,  sulphurous  acid,  and  a  little 

air  and  carbonic  acid,  are  found  in  rainwater.  Brandes  found  an  aver- 
age of  26  kilograms  of  residue  in  every  million  of  rain  evaporated, 

the  amount  being  greatest  in  January  (65)  and  least  in  May  (8).  The 

residual  substances  were  chlorine,  sulphuric  acid,  soda,  potash,  mag- 
nesia, ammonia  salts,  organic  matter,  lime,  carbon  dioxide,  oxide  of  iron, 

and  oxide  of  manganese.  The  solid  matter  amounts  in  France  to  about 
147 J  to  156  kilograms  per  hectare.  The  importance  of  these  minute 
traces  of  gases  and  other  substances  in  rain  is  enormous,  especially  in 
relation  to  the  nutrition  of  i^lants  and  the  disintegration  of  rocks.  But 
no  less  important  to  mankind  is  the  function  of  rain  in  clearing  the 
atmosphere  of  these  ingredients.  Clouds  and  rain  are  at  the  same  time 

purifiers,  filterers,  and  nourishers.  In  the  words  of  the  ancient  declara- 

tion, "the  clouds  drop  fatness,"  and  "the  water  returns  not  void." 
The  upper  layers  of  earth  have  a  remarkable  power  of  purifying  water, 
so  that  what  is  useful  to  vegetation  is  retained  near  the  surface  and 
the  i)urified  water  passes  down  into  deeper  ground,  where  it  may  be 

drawn  from  wells  or  emerge  in  springs.  The  process,  first  of  wash- 
ing the  atmosphere  and  then  of  self-purification,  is  so  complete  that 

though  the  mold  swarms  with  organic  life  the  water  which  has  passed 
through  this  upper  earth  may  be  described  as  practically  pure  and  free 
from  organisms. 
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Not  only  is  the  raindrop  a  composition  of  solids,  liquids,  and  gases, 
but  it  is  of  unequal  consistency  if  the  inner  be  compared  with  the  outer 
part.  Every  drop  surrounded  by  air  is  compressed  into  the  spherical 
shape  by  an  outer  film  of  water  which  partakes  of  the  character  of  an 
elastic  skin.  In  the  free  air  cloud  globules  and  small  rain  can  not  easily 
coalesce  on  account  of  this  elastic  film  enveloping  them.  They  may 
impinge  against  each  other,  but  unless  the  concussion  be  forcible  they 
rebound.  Similarly  the  drops  falling  from  a  fountain  may  be  seen  to 
run  along  the  surface  of  the  water  like  pearls  before  they  unite  with  it. 
So  also  small  drops  of  water  falling  from  an  artificial  jet  rebound  and 
do  not  unite  on  collision.  But  let  a  stick  of  sealing  wax  be  rubbed  on 
flannel  and  held  at  a  distance  of  several  feet  from  the  thickly  falling 
drops;  they  at  once  cease  to  rebound,  they  unite  into  large  drops,  or 
else  the  jet  keeps  falling  as  a  continuous  stream  and  does  not  separate 
into  drops  as  before.  Again,  let  the  drops  be  strongly  electrified,  they 
do  not  unite  but  repel  each  other. 
Large  drops  attract  small  drops  similarly  electrified,  and  drops 

unequally  electrified  attract  each  other.  The  weak  charge  of  similar 
electricity,  which  causes  the  globules  to  approach  each  other  forcibly, 
is  sufficient  to  break  the  enveloping  film,  but  a  stronger  charge  pro- 

duces repulsion  of  the  drops.  In  these  observed  facts  we  have  what 
seems  a  very  satisfactory  explanation  of  some  of  the  phenomena  of 
thunderstorms ;  for  example,  the  sudden  heavy  downpour  and  sudden 
cessation,  and  the  apparent  effect  of  flashes  of  lightning  on  the  rain  or 
hail.  Finely  divided  water  exhibits  another  property  which  is  of  great 
importance  in  the  formation  of  rain,  hail,  and  snow.  Down  to  a  very 

low  temperature,  10°  to  20°  or  more  below  the  freezing  point,  according 
to  the  size  of  the  particles,  it  resists  congelation.  This  property  is  of 
immense  effect  throughout  nature,  and  the  life  of  plant  and  animals  to 
a  great  extent  depends  upon  it.  When  globules  of  water  below  the 
freezing  point  are  touched  by  a  frozen  drop  or  by  a  snowflake  they  are 

instantly  frozen.  A  crystal  of  ice  is  the  most  powerful  of  all  sub- 
stances in  congealing  water  below  the  freezing  i^oiut.  Very  many  falls 

of  rain,  hail,  and  snow  are  due  to  this  cause.  The  minute  crystal  as  it 
descends  through  dense  cloud  gathers  particles  on  its  way  until  it  has 
grown  to  be  a  large  snowflake ;  and  whenever  the  lower  air  is  warm 
enough,  snowflakes  thus  formed  melt  and  fall  as  rain.  Eain  is  much 
more  often  than  we  suppose  melted  snow.  The  minute  flakes  which 
would  melt  and  evaporate  if  they  did  not  meet  with  the  water  cloud, 
grow  rapidly  in  the  cloud,  which  would  of  itself  be  incompetent  to 

precipitate. 
When  a  flake  of  snow  or  kernel  of  ice  falls  through  dense  cloud,  such 

as  the  towering  cumulus  which  stacks  itself  to  a  great  elevation  in  a 
thunderstorm,  it  electrically  attracts  the  particles  of  unfrozen  water, 
below  the  freezing  i)oint,  through  which  it  passes,  and  every  particle 
attached  and  instantly  frozen  adds  to  the  electric  charge,  so  that  more 
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particles  are  attracted  with  ever-increasing  strengtli.  In  this  way,  in 

addition  to  mere  impact,  in  the  course  of  a  fall  of  10,000  or  15,000  feet,^ 
are  formed  those  large  hailstones  which  devastate  crops  and  kill  animals* 
Taking  Aitken's  observations  of  the  number  of  particles  of  water  or 
droplets  of  fog,  falling  upon  a  square  inch  in  a  minute  in  a  dense  fog, 

as  a  criterion — say,  namely,  an  average  of  about  10,000  droplets — and 
assuming  that  these  drops  fall  at  the  rate  of  not  more  (it  is  probably 
much  less)  than  10  feet  a  minute,  a  hailstone  falling  through  10,000  feet 
of  dense  cloud  would  encounter  if  it  began  as  a  snowllake,  1  inch 
square,  about  10,000,000  droplets,  by  mere  impact.  Some  hailstones 
may  result  from  the  attraction  of  small  spicules  of  ice  and  particles  of 
water  alternately  as  the  nucleus  passes  through  different  strata,  and 
these  show  concentric  bands  alternately  opaque  and  clear.  Similar 
bands  may  be  formed  by  the  passage  of  the  hailstone  through  alternate 
spaces  of  thick  cloud  and  of  clear,  unclouded,  biit  saturated  air.  The 
latent  heat  brought  into  the  sensible  condition  by  condensation  and 
congelation  has  been  supposed  to  make  such  an  accumulation  in  clear, 
saturated  air  impossible,  but  actual  observation  indicates  that  the  rapid 
passage  of  the  hailstone  through  very  cold  air  speedily  and  continuously 
dissipates  the  heat  thus  set  free.  The  appearance  of  spaces  between 
successive  tiers  of  dense  cumulus  cloud  and  the  almost  invariably 
excessive  display  of  electric  phenomena  are  characteristic  of  great 
hailstorms.  It  is  very  probable  that  between  the  dense  clouds  lie 

masses  of  saturated,  or  even  sux)er saturated,  almost  dust-free  air.  A 
cold  hailstone  falling  through  these  would  accumulate  ice  in  clear, 

alternate  zones  surrounding  the  nucleus.  Large  hailstones  are  gen- 
erally spheroidal,  small  ones  conical,  with  icy  bases  and  a  softer  apex. 

The  large  hailstones  are  probably  more  dependent  on  electric  attrac- 
tion, and  the  small  on  the  impact  of  descent,  for  their  form  and  icy 

accumulations. 

In  a  thunderstorm  or  shower,  the  lower  clouds  are  generally  nega- 
tively and  the  upper  positively  electrified.  Before  a  hailstorm  clouds 

of  great  significance  may  be  observed,  which  may  be  described  as  tur- 
reted  cumulus  or  cumulo- stratus.  They  are  quite  distinctive  of  hail- 

storm weather,  though  of  course  the  hailstorm  may  not  occur  in  the 

district  where  they  are  seen.  They  consist  of  hard-looking,  sharply 
defined,  generally  white,  and  rather  small  masses  of  cloud,  with  pro- 

jections towering  upward  and  ratlier  broader  at  the  top  than  at  the 
base,  or  equally  broad.  These  peculiar  clouds  are  worthy  of  note  with 
the  view  of  forecasting  the  probable  occurrence  of  hailstorms. 

Yapor,  when  it  ceases  to  exist  as  a  gas  in  the  air,  assumes  several 

^The  height  of  cumulus  cloud  may  often  be  well  observed  aud  measured  not 
only  from  the  plain,  but  on  mountains.  The  tower  of  cumulus  cloud  often  exceeds 
10,000  or  15,000  feet,  and  in  great  storms  may  be  25,000  to  40,000  feet  from  base  to 
summit.  Both  observations  from  the  earth  and  balloon  ascents  supply  evidence  to 
this  effect. 
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different  forms  which  are  only  obscurely  understood.  There  seems  to 
be  a  stage  between  the  gaseous  and  the  misty  in  which  vapor  is 
condensed  into  very  minute  transparent  motes  or  into  a  condition 
corresponding  to  the  critical  state,  the  viscous  interval,  observed  by 
Andrews  in  carbon  dioxide  under  great  pressure.  Just  above  this 
critical  point  this  gas  behaved  to  some  degree  like  its  vapor  and  liquid 
below  it  with  regard  to  pressure.  The  behavior  of  water  vapor  under 
varying  pressure  and  when  near  saturation  at  different  temperatures 
would  be  an  interesting  though  difficult  subject  for  research.  Dry 
vapor  is  regarded  by  some  experimental  observers  as  diathermanous, 

like  air;  yet  we  certainly  find  that  what  seems  to  be  invisible  trans- 
parent vapor  does  largely  arrest  radiation  from  the  earth.  Therefore, 

it  would  seem  much  of  the  vapor  of  the  air,  when  near  saturation,  must 
be  in  a  condition  bordering  on  mist  or  finely  divided  water.  Only 
beyond  a  certain  size,  maybe,  or  when  dust  is  thick,  do  the  particles 
become  large  enough  to  give  the  effect  of  haze.  It  often  hai^pens  that 
a  thermometer  freely  exposed  to  the  sky  on  a  fine  night  suddenly  ceases 
to  fall,  and  rises  several  degrees  without  any  apparent  cloudiness  or 

diminution  of  the  luster  of  the  stars,  but  this  rise,  in  the  present  writer's 
experience,  is  a  good  indication  of  approaching  rain  after  dry  weather. 
Whether  the  screen  in  the  upper  air  which  reflects  the  radiation  from 

the  earth  be  a  thin  cloud  or  else  vapor  in  a  state  of  inchoate  condensa- 
tion, has  not  yet  been  ascertained. 

Haze,  fogs,  and  clouds  are  caused  by  the  tendency  of  vapor  to  con- 
dense upon  solid  particles  below  a  certain  temperature.  A  change  of 

state  from  vapor  to  liquid  or  liquid  to  solid  occurs  much  earlier  in  the 

presence  of  "free  surfaces"  of  other  bodies  than  where  these  are  absent. 
Saturated  air,  as  we  call  it,  can  hold  no  more  vapor  in  ordinary  condi- 

tions, but  apart  from  solids  and  dust  particles  it  could  contain  much 
more  vapor  without  precipitation.  Similarly,  if  water  could  be  heated 
by  itself  apart  from  solids  and  contained  gases,  it  would  rise  high 
above  the  boiling  point  without  boiling,  and  would  eventually  explode; 
so  also  the  droplets  of  a  cloud  do  not  freeze,  though  many  degrees 
below  the  freezing  point,  until  they  touch  a  solid  object.  Dust  in  the 
air  offers  the  free  surface  which  is  required  for  condensation.  Differ- 

ent kinds  of  dust  differ  greatly  in  the  power  of  compelling  deposition. 
Sulphur,  magnesia,  and  common  salt  are,  in  the  laboratory,  at  any  rate, 
powerful  fog  producers.  In  the  open  air  sulphur  seems  to  have  little 

appreciable  effect;  but  salt,  which  is  hygroscopic,  or  damp-attracting, 
and  pervades  the  atmosphere,  plays  an  important  part.  Smoke,  again, 
or  finely  divided  tarry  matter,  greatly  favors  fog  formation,  owing, 
probably,  to  its  strong  radiative  capacity  and  to  its  coating  the  water 
globules  so  as  to  prevent  evaporation. 

Suppose  the  motes  of  dust  or  salt  in  heterogeneous  air  to  be  radiat- 
ing freely,  and  therefore  to  be  colder  than  the  air,  and  suppose  each  of 

them  to  be  frequently  brought  in  contact  with  filaments  of  air  and 
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vapor  at  a  higher  temperature  than  the  average,  then  it  is  conceivable 
that  momentary  deposition  and  reevaporation  may  occur.  The  result 
would  be  haze.  With  fairly  homogeneous  masses  of  air,  as  with  a 
west  wind,  the  contact  of  warm  and  cool  air  occurs  here  and  there  on 
a  much  larger  scale  and  at  once  produces  massive  clouds,  owing  to  the 
quick  growth  of  particles  in  a  moist  air  brought  in  block  below  the 

dew-point  by  ascent  or  otherwise.  The  interchange  between  differing 
air  masses  is  in  this  case  by  large  columns  instead  of  by  infiltration 
and  filaments.  The  steam  leaving  the  escape  valve  of  a  boiler  at  high 
pressure  is  at  first  invisible,  then  bluish  and  semitransparent,  like  haze, 
then  opaque  and  white,  like  cloud.  The  influences  which  cause  haze 
maintain  the  vapor  in  the  second  stage;  it  passes  perpetually  from 
molecular  invisibility  to  the  verge  of  particulate  visibility  and  back  to 
invisibility  by  swift  evaporation.  Clouds,  on  the  contrary,  result  from 
cooling  in  large  masses,  as  by  ascent,  and  the  humidity  is  too  great  to 
permit  so  rapid  a  return  to  the  condition  of  vapor  within  their  borders. 

When  they  evaporate  they  become  invisible  at  the  edge  without  per- 
ceptibly passing  through  the  stage  of  haze. 

Why  the  process  of  change  of  size  of  the  particles  differs  so  much 
in  different  states  of  weather  is  by  no  means  clear. 

Haze  has  long  been  a  meteorological  problem.  If  it  be  vapor,  why 
does  it  so  frequently  occur  in  the  driest  weather?  If  it  be  dust, 
why  should  dust  continue  to  affect  the  atmosphere  in  such  excessive 
quantities  during  particular  periods,  often  in  calm  weather,  and  with  a 
gentle  wind  from  uninhabited  areas,  either  sea  or  land  f  The  moistest 

winds  are  generally  the  clearest,  the  driest  are  the  haziest.^  More- 
over, there  is  a  thick  haze  which  sometimes  persists  for  many  days  in 

spring  or  summer  in  England,  and  neither  increases  nor  diminishes  per- 
ceptibly during  the  night,  when  radiation  is  active.  In  such  weather 

the  air  is  dry,  and  the  wind,  if  any,  commonly  a  light  air  from  between 
east  and  north.  Since  neither  the  sun's  heat  nor  the  nocturnal  cold 
affects  it,  we  must  ascribe  it  to  one  of  two  things — the  presence  of  a 
large  quantity  of  dry  dust  in  an  unusual  state,  or  the  developmeut  of 
vapor  condensation  in  some  unusual  way,  so  as  to  depend  little  on  the 
general  tem]Derature.  On  the  top  of  Snowdon,  3,300  feet,  the  present 

writer  has  observed  haze  as  thick  as  on  the  ground  level,  and  extend- 
ing 1,000  or  2,000  feet  above  the  summit.  It  was  similar,  though  less 

in  degree,  to  the  obscuration  described  in  the  annals  of  last  century 
as  ijaving  covered  Europe  for  months  after  the  great  eruption  of  a 
volcano  in  Iceland  in  1783.  Mr.  Conway  has  recently  observed  high 
above  the  Himalayas  a  sudden  haze  overspreading  the  sky  like  the 

smoky  haze  seen  near  a  large  city  in  England.  The  explanation  prob- 
ably is  that  the  haze  depends  on  the  relative  temperature  of  mixed 

portions  of  strata  of  air,  and  much  less  on  the  general  air  temi^erature. 
Aitken  has  shown  that  when  the  wind  blows  from  inhabited  places 

1  In  England. 
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tliere  is  both  more  haze  and  more  dust  than  when  it  blows  from  the  sea 

or  from  uninhabited  country,  and  in  Switzerland  a  thick  veil  of  haze 
seemed  to  hang  in  the  air  between  the  observer  and  the  mountains 
on  all  days  when  the  number  of  particles  was  great,  and  it  became 
very  faint  when  the  number  was  small.  When  the  wind  blew  from 
the  plains  the  air  was  thick ;  when  from  the  Alps,  clear.  Similarly,  at 
Ben  Kevis,  on  the  northwest  coast  of  Scotland,  a  northwest  wind  was 

clearest,  a  southeast  wind  haziest,  and  the  dust  particles  were  gen- 

erally more  numerous  according  to  the  amount  of  haze.  "  Of  '  purify- 
ing areas'  the  Mediterranean  gave  for  lowest  values  891,  the  Alps  381, 

the  Highlands  141,  and  the  Atlantic  72  particles  per  cubic  centimeter. 
Dampness  of  the  air  was  found  to  increase  the  effect  of  dust,  so  that 
nearly  double  the  number  of  particles  are  required  to  produce  the  same 

amount  of  haze  when  it  is  dry  than  when  it  is  dampish."  When  the 
depression  of  the  wet-bulb  thermometer  below  the  dry  bulb  was  2°  or 
more  the  transparency  was  roughly  proportional  to  the  wet  bulb 

dej^ression;  that  is,  to  the  dryness  of  the  air.  ̂ 'The  nearness  of  the 
vapor  to  the  dew-point  seems  to  enable  the  dust  particles  to  condense 
more  vapor  by  surface  attraction  and  otherwise,  and  thus  by  becoming 

larger  they  have  a  greater  hazing  effect."  The  number  of  dust  parti- 
cles in  square  centimeter  lengths  of  10  to  250  miles  required  to  pro- 
duce complete  haze  in  air  giving  different  wet-bulb  depressions  was 

calculated  to  be  as  follows : 

Wet-bulb 

depression. 

Number  of  parti- 
cles to  produce 

complete  haze. 

Degrees. 2  to    4 
4  to    7 

7  to  10 

12,  500,  000,  000 

17, 100,  000,  000 
22,  600,  000,  000 

Since  more  particles  are  required  to  produce  haze  in  dry  than  in 
damp  weather,  it  becomes  the  more  remarkable  that  thick  haze  is  so 
common  in  dry  weather  and  generally  absent  in  a  moist  atmosphere. 

The  observations  of  the  present  writer  for  many  years  have  shown 
that  haze  is  most  apt  to  occur  when  there  is  infiltration  or  mixture  of 

differing  air  currents,  and  indeed  that  it  generally  expresses  the  juxta- 
position and  mixture  of  winds.  A  steady  wind  extending  to  the 

upper  clouds  is  very  seldom  hazy,  and,  on  the  other  hand,  haziness  may 

be  taken  as  a  sign  of  the  existence  of  another  wind  above  that  pre- 
vailing near  the  ground,  or  of  variable  currents.  So  much  is  this  the 

case  that  in  southern  England  a  hazy  or  misty  east  wind  signifies  gen- 
erally a  rather  short  period  of  its  prevalence,  but  a  clear  east  wind 

means  continuance.  Of  course  care  must  be  taken  to  be  situated  on 

the  windward  side  of  thickly  inhabited  districts  in  making  such  fore- 
casts.   It  seems,  therefore^  that  when  haze  is  not  due  to  a  large  amount 
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of  dust,  it  must  arise  from  some  effect  of  the  mixture  of  different  cur- 
rents. A  wind  from  the  Atlantic  on  the  west  coast  of  Great  Britain 

generally  has  a  west  wind  above  it,  and  is  fairly  homogeneous,  but 
an  east  wind  generally  has  to  encounter  and  drive  back  a  westerly  or 
southerly  wind,  and  has  an  opposing  current  within  3  to  7  miles  above. 
There  must  in  these  cases  be  a  great  deal  of  mixture  of  portions  of  air 

of  different  humidity,  temperature,  and  electrical  tension.  .The  contig- 
uous parcels  of  air  produce  at  a  number  of  points  momentary  deposi- 

tion of  vapor  on  dust  particles,  and  the  resulting  effect  is  haze.  The 
dew  point  is  attained  in  the  molecular  environment  by  momentary 
contact  of  cold,  dry,  dust  bearing  with  moist,  warmer,  less  dusty  air. 

It  is  well  to  bear  in  mind  the  large  extent  and  small  depth  of  the 
whole  of  the  lower  region  of  winds.  Currents  of  air,  say  within  25,000 
feet  of  the  surface,  extended  over  a  territory  400  miles  square,  would 
be  represented  by  a  layer  of  water  an  inch  deep  in  a  basin  80  inches 
square. 

On  the  east  coast  of  Scotland  an  east  wind  often  brings  a  thick  haze 
which  may  last  two  or  three  days,  and  is  followed  by  rainy  weather. 
But  a  much  less  thick  blue  haze  prevails  during  fine  weather,  with  light 
or  variable  easterly  breezes,  both  in  Scotland  and  England.  The 
density  of  the  haze  in  these  conditions  depends  less  on  the  number 
of  dust  particles  than  on  the  mixture  of  differing  currents  and  on  the 
moisture  and  warmth  of  the  one  current,  the  coldness  and  moisture  of 
the  other.  There  is  no  reason  for  supposing  that  a  wind  blowing  from 
the  polar  regions  and  over  the  breadth  of  the  I^orth  Sea  is  heavily 
charged  with  dust,  yet  the  haziness  is  as  great  looking  seaward  as  over 
the  land  of  Berwickshire  or  Fife. 

The  clear  air  of  continental  climates,  such  as  the  European  and  North 
American,  is  partially  explained  by  the  moderate  amount  of  dust,  the 
infrequency  of  a  condition  approaching  saturation  in  the  lower  air,  and 
the  absence  generally  of  local  winds  such  as  are  produced  by  a  varied 

distribution  of  land  and  sea.  Haze  is  very  often  the  result  of  the  pas- 
sage of  air  over  water  of  a  lower  temperature,  and  the  difference  of 

the  temperatures  may  decide  whether  the  obfuscation  shall  be  haze, 
fog,  mist,  or  fine  rain.  No  amount  of  dust  is  in  general  competent  in 
a  dry,  uniform  air  to  produce  apppreciable  haze  beyond  what  is  due 
to  its  own  particles.  Thus  in  Colorado  there  is  often  a  great  deal  of 
dust  in  the  air,  but  the  air  is  clearer  at  such  times  than  it  commonly  is 

in  England 5  in  the  Punjaub  dust  winds  obscure  the  air  for  a  long  dis- 
tance; in  the  Sahara  Desert  there  is  often  thick  dust,  but  the  hazing  is 

not  great  except  with  strong  wind;  when,  however,  this  dust  is  blown 
far  out  over  the  AtlantiCj  the  haze  becomes  very  considerable,  and  is  a 
common  phenomenon  about  the  Cai^e  de  Yerde  Islands.  Towns,  aTgain, 
such  as  Paris  and  Pittsburg,  which  produce  a  great  deal  of  dust,  by 
the  test  of  the  dust  counter,  are  not  affected  by  haze  in  clear,  dry 
weather,  and  even  London,  in  some  states  of  the  air  and  very  often  at 
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aiglit,  is  only  covered  by  a  barely  perceptible  light  haze.  But  coal 
smokCj  commonly  has  the  effect  of  causing  a  very  persistent  haze,  and 
this,  in  the  case  of  London,  spreads  conspicuously  with  the  wind  to 
places  distant  100  miles  or  more.  Coal  smoke,  we  must  remember,  is 
accompanied  by  a  good  deal  of  water  vapor  and  sulphurous  acid.  Gas 
and  wood,  when  burned  in  large  towns,  produce  no  fog  and  very  little 
haze,  though  the  dust  counter  might  show  as  many  j)articles  as  where 
coal  is  burned.  Dust  in  general  may  therefore  be  acquitted  of  taking 
an  important  part  in  producing  any  but  a  light^  thin  haze,  except  where 
there  is  a  mixture  of  currents  at  different  temperatures,  and  then  some 
haze  would  in  most  instances  be  produced  in  any  case  by  the  normal 

average  amount  of  very  fine  dust  which  exists  everywhere  in  the  atmos- 
phere. In  clear,  homogeneous  air,  even  near  saturation,  much  dust  or 

smoke  may  be  added  to  the  air  without  causing  haze  5  in  dry,  hazy  air 

much  dust  may  be  added  without  much  intensifying  the  haze.  In  cer- 
tain conditions  of  wind  and  weather  much  haze  may  exist  without  an 

abnormal  quantity  of  dust,  and,  except  on  rare  occasions,  there  is 
always  enough  dust,  maybe  of  almost  molecular  dimensions,  in  the 
lower  strata  of  the  air  to  admit  of  precipitation  of  moisture  where  con- 

ditions are  otherwise  favorable.^  A  great  deal  of  this  dust  probably 
consists  of  chloride  of  sodium,  or  sea  salt. 

The  following  instances  may  serve  to  show  how  haze  and  cloud  are 

successively  formed  by  a  conflict  of  differing  currents  of  air.  St.  Fil- 
lans  Hill  is  a  small,  steep,  isolated,  conical  hill  about  300  feet  in  height, 
standing  in  the  middle  of  the  valley  of  the  upper  Earn,  in  Perthshire, 

about  2  miles  from  the  lower  end  of  Loch  Earn,  and  flanked  by  moun- 
tains about  2,000  feet  high  on  each  side  of  the  valley.  The  author  was 

on  the  summit  about  5  o'clock  one  evening  in  August,^  when  the  breeze, 
which  had  been  blowing  freshly  from  the  west,  with  a  clear  air,  sud- 

denly began  to  slacken,  and  in  about  five  minutes  dropped  altogether. 
Then  down  the  valley,  eastward,  a  blue  haze  began  swiftly  to  climb  the 
glens  tributary  to  Strathearn,  and  the  whole  air  eastward  grew  obscure. 
The  calm  only  lasted  a  little  more  than  two  minutes,  and  then  suddenly 
a  strong  wind  from  the  east  set  io,  and  soon  the  air  westward  as  well 
as  eastward  had  turned  thick.  The  east  wind  continued,  and  in  a  few 

minutes  the  tops  of  the  hills  rising  precipitously  from  Strathearn  to  a 
height  of  about  2,000  feet  were  obscured  with  cloud  banners  which 
grew  continuously,  and  descended  till  in  about  two  hours  not  only  the 
hills  above  alevel  of  about  1,000  feet,  but  the  whole  sky,  was  covered  with 
gray  clouds.  The  duration  of  the  neutral  calm  corresponded  with  the 

time  usually  occupied,  according  to  my  observations  in  the  neighbor- 
hood of  London,  by  a  moderate  east  wind  in  driving  back  the  opposing 

current.    At  Eichmond,  and  between  Eichmond  and  London,  such  a 

1  These  observations  are  derived  from  many  years'  atteation  to  the  coaditiona  of 
prevalence  of  haze  and  fog  in  and  near  Londoix. 

^Abont  1877  or  1878,. 
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change  is  signalized  in  the  neutral  band  of  calm  by  a  dense  yellow 
haze,  producing  great  darkness  in  winter,  the  result  of  a  banking  up  of 
smoke  to  some  altitude,  together  with  the  condensation  of  vapor  by  the 
mixture  of  currents  differing  in  temperature.  The  darkness  in  such  a 
band  lasts  much  longer  with  lighter  winds,  and  I  have  known  a  west 
wind  to  prevail  at  Eichmond  simultaneously  with  an  east  wind  in 
London,  both  without  fog,  while  at  Wandsworth  a  calm  continued 
for  many  minutes  with  dense,  almost  nocturnally  black  smoke  fog,  the 
pressure  in  each  direction  being  apparently  equal. 

POG,   SMOKE, 

Fog  is  the  result  of  one  or  both  of  two  principal  causes.  The  first  is 
active  radiation  into  space  from  the  earth  and  from  the  air  contiguous 
to  it,  and  the  second  is  a  mixture  of  winds  and  currents,  or  of  vapor 
and  air  at  different  temperatures. 

1.  Eadiation  fogs  occur  commonly  when  the  atmosphere  above  the 
lowest  stratum  is  cold,  dry,  and  nearly  still,  and  when  the  lowest 
stratum  is  greatly  cooled  by  contact  with  the  cold  radiating  earth,  and 
therefore  precipitates  vapor  into  the  form  of  minute  globules  of  water. 
These  globules  themselves  have  a  large  radiative  capacity,  so  that  they 
tend  further  to  reduce  the  temperature  of  the  air  in  which  they  float, 
which  has  no  such  capacity.  The  stratum  of  fog  so  formed,  not  extending 

very  many  feet  above  the  ground,  fails  to  reflect  much  of  the  heat  radi- 
ated from  below,  and  quickly  disperses,  by  radiation  into  space,  what- 
ever heat  it  absorbs.  Thus  earth  and  fog  continue  rapidly  to  part  with 

their  heat  through  the  clear  sky  into  si)ace.  The  stratum  of  fog  often 
grows  in  height  and  density  through  the  night,  and  continues  till  about 

noon  of  the  following  day,  or  disperses  in  the  late  hours  of  the  morn- 
ing. If  extended  over  a  plain  and  watched  from  a  height  above  the 

upper  level,  a  fog  of  this  character,  in  somewhat  damp  and  not  typical 
radiation  weather,  may  be  seen  gradually  to  move  irregularly  upward 
under  the  influence  of  the  morning  sun,  and  in  various  directions  to 

present  prominences  like  thoi^e  of  the  upper  edge  of  cumulo-stratus. 
Smoke  issuing  from  a  tall  factory  chimney  rises  through  and  above  the 
fog,  but  in  a  very  short  time  falls  back  upon  its  surface  and  meanders 

like  a  dark  river  on  a  white  ground.^  The  persistence  of  the  fog 
depends  upon  the  coldness  of  the  ground,  which  is  shielded  from  the 
sun,  and  upon  the  very  large  difference  of  temperature,  sometimes  10 
degrees  or  more,  between  the  fog  and  the  stratum  of  air  a  few  feet 

above  it.  When,  however,  the  sun's  heat  absorbed  by  the  water 
particles  exceeds  the  heat  lost  by  radiation,  the  fog  lifts,  that  is,  its 
uppermost  stratum  rises,  owing  to   diminished  specific  gravity,  and 

'  These  observations  were  taken  during  the  prevalence  of  a  ̂ ound  fog,  in  thd 
country  surrounding  the  Malvern  Hills,  in  February,  1890. 
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either  clears  at  once  or  remains  for  some  time  as  a  light  blue  haze.* 
The  strata  below  it,  submitted  to  the  same  influence,  successively  rise 
and  take  its  place,  and  the  evaporated  moisture  mingles  with  the  gen- 

eral air. 

Fogs  of  this  kind  locate  themselves  in  low-lying  valleys,  basins,  and 
plains,  for  the  air,  chilled  by  contact  with  the  radiating  ground,  sinks 
by  gravitation  into  such  situations  and  in  them  is  least  likely  to  be 
disturbed.  Sometimes  a  white  fog  may  be  seen  pouring  down  an  open 

and  rather  steep  ravine  like  water.^  Slopes  of  hills,  especially  their 
southern  sides,  some  hundreds  of  feet  above  the  plain,  are  comparatively 
free  from  these  fogs,  and  are  much  drier  and  warmer  during  their 
prevalence  than  lower  places  in  the  neighborhood.  Such  an  elevation 
is  more  favorable  on  this  account  to  the  human  constitution ;  both  the 
daily  and  yearly  thermometric  range  is  much  smaller.  Dense  fog  and 
frost  often  remain  throughout  the  day  on  the  northern  side  of  hills 
when  the  southern  slope  is  bathed  in  sunshine.  This  has  been  observed 
on  several  occasions  on  Hindhead,  Surrey,  the  air  in  the  fog  keeping 
much  colder  than  the  air  above  it  and  on  the  southern  slope. 

In  the  still  air  which  precedes  and  accompanies  radiation  fogs  the 
number  of  dust  particles  is  high  above  the  average,  owing  partly  to 
their  becoming  gathered  by  undisturbed  precipitation  into  the  lowest 
strata.  On  several  occasions  when  the  dust  particles  were  counted 
they  amounted  to  between  45,000  and  80,000  per  cubic  centimeter. 
Each  of  these  is  a  nucleus  for  the  deposition  of  va^Dor.  The  water 
particles  are  so  small  that  they  evaporate  before  touching  solid  objects 
during  the  daytime,  the  objects  being  warmer  than  themselves.  For 
this  reason  these  fogs  have  no  wetting  effect.  In  a  fog,  when  objects 
were  invisible  at  100  yards  distance,  19,350  droplets  sometimes  fell  on  a 
square  inch  per  minute,  but  the  average  was  much  less  than  this,  and 

the  smallest  number  about  1,900  per  minute.^  The  large  number  of 
particles  favors  the  formation  of  fog.  Considerable  numbers  of  living 
organisms  no  doubt  exist  among  the  water  particles  of  the  fog,  but  are 

not  known  to  be  a  cause  of  ill-health  in  the  country  remote  from  towns. 
Nor  is  great  cold  combined  with  fog  productive  of  much  illness  in  the 
country.  In  smoky  towns  the  case  is  far  different.  Thus,  in  London 
the  death  rate  was  raised  in  a  single  fortnight,  from  January  24  to 
February  7,  1880,  from  27.1  to  48.1  per  thousand.  The  fatality  and 
prevalence  of  respiratory  diseases  were  enormously  increased.  The 
excess  of  deaths  over  the  average  in  the  three  weeks  ending  February 
14  was  2,994,  and  in  the  week  ending  February  7  the  deaths  from 

whooping  cough  were  unprecedent(iJdly  numerous — 248 — and  from  bron- 
chitis numbered  1,223.    At  least  30,000  persons  must  have  been  ill 

'This  haze  may  be  taken  to  be  caused  by  the  aggregated  nuclei  of  dust  left  after 

evaporation  of  the  water  ■which  condensed  upon  them. 

"This  was  seen  by  the  author  with  remarkable  distinctness  near  Alum  Bay,  in  the 
Isle  of  Wight. 

3  Aitken. 
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from  tlie  combined  effect  of  smoky  fog  and  cold.  The  present  author 

was  in  London  during  the  whole  period,  and  noted  especially  the  unus- 

ual number  of  days  during  which  the  darkness  and  stillness  continued, 

and  the  tenacity  with  which  the  fog  clung  to  the  cold  ground  on  the 

shady  sides  of  squares  and  streets,  when  a  warm,  gentle  current  from 

the  south  improved  and  cleared  the  air  above  a  height  of  20  or  30  feet.^ 

The  large  excess  of  carbonic  acid,  of  sulphurous  acid,  and  of  micro- 

organisms and  effete  organic  products  was  partly  concerned  in  these 

ill  effects,  but  the  factor  of  greatest  importance  was  the  finely  divided 

and  thickly  distributed  carbon  or  carbonaceous  matter,  which  irritated 

the  breathing  passages  and  lungs.  The  results  corresponded  rather 

closely  with  the  more  gradual  ill  effects  of  dusty  trades.  The  lungs  of 
a  man  who  has  spent  his  life  in  London  or  Manchester  are  found,  post 
mortem,  to  be  choked  with  black  matter.  In  some  parts  of  London 
there  is  sometimes  no  more  light  at  noon  than  in  the  darkest  night. 

After  a  fortnight  of  dense  fog  the  deaths  in  London  for  one  week,  end- 
ing January  2,  1892,  exceeded  by  1,484  the  average  number,  being  at 

the  rate  of  42  per  1,000.  Increases  took  place  in  the  following  diseases : 

Measles,  114  per  cent;  whooping  cough,  173 5  phthisis,  42;  old  age,  36; 
apoplexy,  08;  diseases  of  the  circulatory  system,  lOG;  bronchitis,  170; 
pneumonia,  111;  other  respiratory  diseases,  135;  accidents,  103. 

These  results  are  in  the  main  attributable  to  the  concentration  of  the 

ordinary  constituents  of  London  air,  with  moisture  and  intense  cold  to 
help  their  deadly  work.  The  majority  of  the  fatal  cases  were  in 
weakened  constitutions,  though  many  were  among  the  robust.  The 
experience  of  large  towns  always  is  that  the  power  of  recovery  after 
illness  is  much  less  within  their  confines  than  in  the  country.  In  the 
fog  the  evil  influences  of  town  air  are  many  times  multiplied.  The 
blackest  fogs,  which  are  local,  are  the  result  of  variable  or  opposing 
currents  which  carry  up  the  discolored  mass  to  a  height  of  hundreds 
of  feet,  where  they  condense  their  moisture  in  a  stratum  of  unusual 
thickness  or  height.  By  a  converging  flow  of  currents,  a  huge  column 
of  blackened  fog  particles  rises  vertically  to  a  height  where  it  may 
remain  or  whence  it  may  move  slowly  from  place  to  place.  A  fog  need 
not  always  be  resting  on  the  ground,  but  may  hang  after  the  manner 
of  stratus  cloud  at  some  level,  often  a  few  hundred  feet  above  it.  This 
happens  when  the  ground  is  not  much  colder  than  the  air.  The  smoke 
of  a  steamer  may  be  seen  sometimes  thus  to  form  a  dark  streak,  remain- 

ing ab<mt  the  same  level  for  an  hour  or  more.  That  domestic  fires  at 
least  rival  manufacturing  works  in  the  production  of  dark  fogs  is 

proved  by  the  intense  darkness  which  has  prevailed  in  London  on  Sun- 
days, and  once  on  Christmas  Day.  Factory  fires  are  out  on  Sundays, 

but  domestic  fires  are  larger  and  more  numerous.  Smoky  fogs  invade 
houses  and  even  warm  rooms,  showing  that  many  of  the  nuclei  are 
solid  particles  large  enough  visibly  to  obstruct  light  even  when  dry. 

^  London  Fogs.     R.  RusselL     Published  by  Stanford,  London,  1880. 
230A   3 
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At  a  distance  of  10  miles  from  London,  tlie  smoky  particles  are  small 

and  show  quite  a  tliick  haze  in  a  room  with  a  fire,  when  a  gentle  cur- 

rent is  moving'  from  the  town.  Professor  Frankland  has  shown  that 
if  a  little  smoky  air  be  blown,  across  the  surface  of  water  evaporation 
is  retarded  SO  per  cent.  The  water  globules  may  be  similarly  coated 

with  tarry  matter,  which  hinders  the  warmth  of  the  sun  from  evax)orat- 
ing  them.  Moreover,  every  x:)article  of  carbon  is  a  good  radiator  and 
in  the  early  morning  tends  to  increase  the  cold  in  the  air  around  it; 
moisture  is  deposited  upon  it,  in  the  opinion  of  the  present  writer,  and 
cau  only  with  difficulty  evaporate,  so  long  as  radiation  is  active  and 
while  the  heat  and  light  of  the  sun  are  stopped  by  smoke.  The  effect 

of  finely  divided  carbon  in  stopping  light  may  be  tested  by  holding  a 
piece  of  glass  for  a  few  moments  above  the  flame  of  a  candle;  the 
black  film  deposited  enables  us  to  look  at  the  sun  easily,  and  it  appears 
well  defined,  like  a  red  orange,  as  in  a  fog. 

The  imperfect  combustion  of  coal  is  the  cause  not  only  of  fogs  being 
specially  d  an  ger ous  to  life,  but  of  their  persistence  in  duration  far  beyond 
those  of  the  surrounding  country.  The  removal  of  coal  smoke  would 
mean  much  less  fog  and  much  less  evil  in  that  which  remained.  Cities 
which  use  wood  as  fuel,  or  anthracite,  or  gas^  or  oil,  are  no  more  visited 

by  fogs  than  the  surrounding  country,  although  the  fine  "dust"  above 
them  is,  according  to  Aitken,  very  greatly  in  excess  of  the  normal. 

Pittsburg  had  a  black  climate  till  it  used  natural  gas,  and  thencefor- 
ward has  had  a  clear  air,  and  no  special  liability  to  darkness  and  fog. 

In  London,  of  9,709,000  tons  of  coal  used  annually,  about  1  per  cent 
escapes  into  the  air  uuburnt  and  10  per  cent  is  lost  in  other  volatile 
compounds  of  carbon.  The  bright  sunshine,  compared  with  that  of 

Kew,  9  miles  distant,  was,  in  the  four  years  1883-1886,  3,925  hours, 
against  5,713  at  Kew,  and  about  6,880  at  St.  Leonards,  about  80  miles 
distant.  Prom  November,  1885,  to  February,  1886,  inclusive,  the  sun- 

shine in  London  was  62  hours,  at  Kew  222,  and  at  Eastbourne  300. 
Town  fogs  contain  an  excess  of  chlorides  and  sulphates,  and  about 

double  the  normal,  or  more,  of  organic  matter  and  ammonia  salts. 
During  the  last  fortnight  of  February,  1891,  the  previously  washed 

roofs  of  the  glass  houses  at  Chelsea  and  Kew,  the  former  just  within, 
and  the  latter  just  outside,  Loudon,  received  a  deposit  from  the  fog, 
which  was  analyzed  and  gave  the  following  results : 

Substances. 

Carbon   

Hydrocarbons   

Organic  bases  (pyridines,  etc.)   

Sulpbfiric  acid  (0O3)   

Hydrochloric  acid  (HCE)   
Ammonia   

Metallic  iron  and  magnetic  oxide  of  iron   

Mineral  matter  (chiefly  silica  and  ferric  oxide) 

Water,  not  determined  (say  difference)   

Chelsea. Kew. 

Per  cent. 

39 

Percent. 

42.5 12.3 4.8 

2 

4.3 A 

1.4 

.8 
1.4 1.1 

2.6 

31.2 41.5 
5.8 5.3 
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The  Aveiglit  of  the  deposit  was  at  Kew  30  grams  in  20  yards.  At 
Chelsea  the  same  area  gave  40  grams,  which  is  equivalent  to  22 

pounds  to  the  acre^  or  6  tons  to  the  square  mile.  A  large  proportion  of 
the  deposits  of  fog  in  smoky  towns  clearly  arises  from  the  imperfect 
combustion  of  coal.  On  plants  the  deposit  is  sticky,  like  brown  paint, 

and  is  not  washed  off  by  water.  A  country  fog  is  harmless  in  a  green- 

house; a  town  fog  most  destructive,  killing  soft-wooded  plants,  and 
greatly  damaging  others.  A  very  large  number  of  plants  will  not 
thrive  in  smoky  towns.  In  Manchester,  the  deposit  collected  from 
aucuba  leaves  gave  6  to  9  per  cent  of  sulphuric,  and  5  to  7  per  cent  of 

hydrochloric  acid,  mostly  in  a  state  of  combination.  Three  days'  fog 
deposited  per  square  mile  IJ  hundredweights  of  sulphuric  acid  and  13 
hundredweights  of  blacks. 
Among  the  results  of  smoky  air  in  towns  may  be  mentioned :  The 

discouragement  of  cleanliness  and  ventilation;  the  constant  deficiency 
of  light;  the  damage  to  plant  life,  so  that  only  a  few  trees  and  plants 
can  live;  the  destruction  and  disfigurement  of  stone,  cement,  iron, 
paint,  wall  papers,  clothing,  etc.,  and  the  depressing  effect  of  dirt  and 
blackened  streets  on  the  people;  losses  to  artists  of  all  kinds  who 

depend  on  light;  the  lowered  vitality  of  a  large  portion  of  the  popula- 
tion, and  a  contributory  infl^uence  toward  the  rapid  degeneration  and 

extinction  of  town  families. 

In  London  the  extra  expenditure  entailed  is  about  £1  a  head,  or 
more  than  the  value  of  all  the  coal  burnt  in  houses.  The  extra  wash- 

ing, painting,  and  repairs,  and  the  loss  of  unburned  carbon,  etc.,  are 
among  the  principal  items  in  the  account. 

The  intensity  of  the  ground  fog  depends  largely  on  the  amount  of 
cooling  which  the  earth  has  previously  undergone.  At  the  beginning 
of  February,  1880,  the  ground  in  London  was  hard  frozen  with  the 
intense  frost  which  had  prevailed  for  some  days.  A  moist  southerly 
current  supervened  and  the  temperature  rose  several  degrees  above 

the  freezing  point.  On  the  shady  side  of  squares  the  fog  then  pro- 
duced between  the  ground  and  10  or  20  feet  above  it  was  so  dense  that 

at  10  a.  m.  a  lamp-post  4J  yards  distant  was  invisible.  In  an  ordinary 
thick  fog,  such  as  that  of  January  11,  1888,  objects  are  visible  at  thir- 

teen times  that  distance.  Above  the  shallow  stratum  of  ground  fog  the 
air  was  nearly  clear  and  the  smoke  escaped. 

Such  fogs  are  due  partly  to  radiation  into  space,  but  also  largely  to 
the  mixture  of  the  warm  current  with  air  which  has  become  cold  by 
contact  with  the  ground,  and  to  radiation  toward  the  ground. 

All  radiation  fogs  disperse  or  greatly  diminish  when  the  sky  becomes 
clouded  and  reflects  some  of  the  warmth  radiated  from  the  ground. 
They  are  not  formed  under  a  cloudy  sky. 

2.  Fog  is  frequently  produced,  sometimes  on  an  enormous  scale,  cov- 
ering an  area  exceeding  that  of  the  British  Isles,  by  the  mixture  of 

opposite  currents  of  small  velocity.    The  condition  of  atmosphere  often 
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resembles  that  which  produces  haze  in  sammerj  a  slow  infiltration  of 
currents  of  different  temperatures  brirgs  different  laminae  into  contact. 

A  cold  earth  and  a  sky  clear  above  the  low  clouds  increase  the  inten- 
sity of  such  a  fog,  but  are  not  necessary  to  its  existence.  A  southerly 

wind  is  too  warm  to  produce  fog  by  itself  unless  it  meets  with  a  cold 
surface,  and  a  northerly  wind  is  too  dry  by  itself  to  be  reduced  below 

the  dew-point.  When,  however,  two  opposite  currents,  oue  of  which  is 
colder  than  the  other,  diffuse  into  each  oiher  slowly,  as  when  the  colder 
current  over  an  extensive  area  sinks  into  the  warmer  current  below  it, 
a  fog  may  be  produced  which  is  less  thick  than  a  radiation  fog,  but 
may  continue  with  little  change  through  several  days  and  nights,  and 
commonly  declares  its  character  by  the  height  to  which  it  extends 
and  by  its  moisture.  It  deposits  much  more  moisture  on  trees,  etc., 
than  most  radiation  fogs,  and,  though  no  visible  mist  or  rain  may  fall, 
the  ground  under  trees  often  becomes  very  wet.  Thus  precipitation  of 
moisture  is  increased  in  forests.  In  cold  climates  or  at  high  levels 

every  exposed  object  accumulates  ice.  A  wet  or  mixture  fog  disap- 
pears under  cover,  and  is  thinner  in  large  towns  than  in  the  country, 

for  the  particles  of  which  it  is  composed  are  almost  pure  water  and 

evaporate  when  the  air  is  a  little  raised  in  temiDcrature.  On  moun- 
tains in  Great  Britain  wet  fogs  are  very  common,  and  may  occur  with 

strong  wind;  moisture  or  ice  is  deposited  on  the  windward  side  of  all 
objects.  Continuous  damp  mist  may  be  produced  in  Great  Britain  by 
a  northeast  wind  blowing  beneath  a  damp  southwest  or  south  current, 

and  such  mists  produce  verj^  disagreeable  weather.  In  September  and 
the  first  half  of  October,  1891,  southern  England  was  immersed  for 
weeks  in  a  mist  so  produced.  The  northeast  wind  was  not  of  very 

distant  origin,  and,  not  being  dry,  its  mixture  with  the  very  damp 
southerly  current  overlying  it  produced  dense  mist,  cloud,  and  occa- 

sional rain. 

Many  fogs,  such  as  those  over  rivers  or  valleys,  and  over  the  cold 

ocean  current  near  the  Bank  of  Newfoundland,  are  due  partly  to  mix- 
ture and  partly  to  radiation.  The  sea  fog  originates  in  the  cooling  of 

air  by  contact  with  the  colder  surface  of  water  and  by  mixture  with 
the  cold  air  which  lies  near  the  water.  At  many  coast  iDlaces  ou  a  hot 
summer  day  a  sea  fog  frequently  comes  up  on  a  cool  breeze  which 
mixes  with  the  warm  air  above  it  from  the  land.  On  the  other  hand, 
when  a  sheet  of  water  is  much  warmer  than  the  air  above  it,  ,a  thick 
mist  or  fog  may  be  formed,  which  is  largely  condensed  steam. 

Fog  is  less  common  in  summer  in  the  interior  of  continents  or  of  large 
islands  than  on  the  coast,  but  in  winter,  owing  to  the  greater  loss  of 
heat  by  the  surface  of  the  earth  than  by  the  surface  of  the  sea,  fog  is 
more  common  inland.  In  many  countries  in  the  temperate  zone  the 
stratum  of  cloud  or  fog  does  not  lie  often  upon  the  ground,  but  at  a 
height  of  hundreds  or  thousands  of  feet;  the  sky  remains  quiet  and 
overcast  for  days  and  weeks  together.     The  elevation  of  the  cloud, 
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which  would  be  fog  on  the  ground,  depends  on  the  height  at  which  the 
dew-point  of  the  air  is  reached,  or  else  on  the  height  of  the  boundaries 
of  a  lower  and  upper  current  differing  in  temperature.  The  lower  air 
is  too  dry  to  permit  the  condensation  of  vapor  within  its  borders.  A 
warmer  and  moister  upper  current  condenses  vapor  by  contact  with 
the  cold  upper  boundary  of  the  lower  air.  The  cloud  canoi)y  prevents 
excessive  loss  of  heat  from  the  surface  of  the  earth. 

A  mist,  in  the  usual  meitning  of  the  term,  is  the  name  given  to  very 
small  rain,  or  to  a  cloud  of  which  the  globules  are  large  enough  to  fall 

perceptiblj^  Near  the  surface  of  the  earth  it  seldom,  if  'ever,  grows 
from  radiation  fog  or  from  the  haze  of  anticyclonic  conditions,  but 
very  frequently  is  a  result  and  direct  growth  fr:om  wet  or  mixture  fogs. 
It  may  be  considered  as  fine  rain,  which  falls  from  a  cloud  undeigoing 
cooling  and  consequent  aggregation  of  particles.  In  hilly  country 
near  the  sea,  where  the  wind  arrives  after  having  blown  over  a  large 
breadth  of  warm  ocean,  misty  rain  is  very  common. 

At  Kingairloch  the  number  of  dust  particles  Avas  always  very  low  in 
such  weather,  showing  that  the  majority  were  being  used  up  by  the 

mist.  The  transparency  of  the  air,  or  '^visibility,"  so  often  preceding 
rain  is  due  first  to  the  paucity  of  dust  particles  brought  by  an  ocean 
wind  which  is  made  purer  than  it  otherwise  would  be  by  the  clouds 
and  rain  of  the  area  from  which  it  blows;  secondly,  to  the  homogeneity 
of  the  air  and  the  tendency  to  form  large  cloud  globules  or  drops  of 
rain  when  near  saturation,  the  proportion  of  vai^or  to  dust  particles 
being  high. 

In  quiet  winter  weather,  a  long-continued  damp  mist  or  else  a  very 

fine  steady  rain  has,  in  the  present  writer's  experience  in  England, 
preceded  intense  cold,  and  may  be  supposed  with  great  probability 
to  be  caused  by  the  gradual  descent  of  very  cold  air  upon  the  lower 
strata. 

PARTICLES    SUSPENDED   IN   THE    AIR. 

The  atmosphere  contains  an  immense  number  of  substances  sus- 
pended in  it  in  the  form  of  visible  and  invisible  dust,  but  only  a  small 

proportion  of  these  require  attention  as  affecting  human  life.  Deserts, 

dry  and  sandy  tracts,  and  wind-swept  i)lai'tis  yield  a  continual  supply 
of  fine  motes  of  silica,  aluminium  silicate,  calcium  carbonate,  calcium 

phosphate,  etc.  Volcanoes  pour  forth  sand,  fine  mud,  sulphur,  sul- 
phuric acid,  silicon  glass,  etc.,  into  the  upper  air,  by  which  they  are 

carried  over  all  quarters  of  the  globe.  Meteors  and  small  aerolites 
burn  up  as  they  daily  pass  through  the  high  and  rare  atmosphere  at 
heights  from  30  to  200  or  even  300  miles,  and  the  products  of  their 

combustion,  iron  oxide,  magnesia,  silica,  or  other  fine  dust,  fall  impal- 
pably  toward  the  ground  Clouds  of  unburnt  carbon  perpetually  rise 

from  towns,  factories,  steamships,  and  scattered  houses;  in  manufac- 
turing districts  and  towns  particles  of  iron,  steel,  stone,  and  clay  aie 

abundant:  so  are  fragments  of  vegetable  tissue,  cotton,  haii-,  wool^ 
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skin,  and  starch.  Even  coal  gas,  which  shows  no  smoke  in  its  com- 
bustion, fills  the  air  where  it  is  burnt  with  millions  of  particles  in 

every  cubic  foot.  The  whole  atmosphere  is  pervaded  by  particles  of 
salt  derived  from  the  spray  of  the  seashore  and  of  ocean  waves.  In 

summer,  pollen  seeds,  odors  of  earth,  trees,  flowers,  and  hay,  and  the 
spores  of  an  immense  variety  of  fungi  float  on  every  breeze.  Most  of 
these  have  no  special  interest,  but  some  of  the  spores  and  pollen  are 
capable  of  setting  up  great  irritation  in  the  human  system,  almost 
amounting  to  diseases.  Hay  fever  is  the  result  of  the  action  of  grass 
pollen  on  the  breathing  passages. 

LIVING   GERMS    IN   THE    AIR. 

Much  more  important  are  the  living  germs,  the  microbes,  bacteria, 
fungi,  and  molds,  which  are  found  very  unevenly  distributed,  and 
especially  abundant  at  low  levels  in  populous  places  and  habitations. 
Miquel  found  in  a  cubic  meter  at  Montsouris  Observatory,  near  Paris, 
85  of  these  organisms  in  spring,  105  in  summer,  142  in  autumn,  and  49 
in  winter.  On  other  occasions  the  numbers  were  70,  92,  121,  and  53, 
respectively. 

In  the  Rue  de  Rivoli,  in  Paris,  the  number  was  about  5,500.  In  air 
collected  at  2,000  to  4,000  meters  high  (about  0,300  to  13,000  feet)  no 
bacterium  or  fungus  spore  was  found.  Pasteur  exposed  20  flasks  of 
clear  broth  in  the  open  country  of  Arbois,  20  on  the  Lower  Jura,  and  20 
near  the  Mer  de  Glace,  at  a  height  of  over  6,000  feet.  Of  the  Arbois 
flasks,  8  developed  organisms  5  of  the  Jura,  5;  and  of  the  Mer  de  Glace, 
1  only. 

MiquePs  experiments  proved  that  microbes  were  much  more  abun- 
dant in  the  town  than  in  the  country.  In  rooms  the  number  was  eight 

times,  and  in  hospitals  twelve  times  the  number  in  the  open  air.  These 
experiments  refer  to  hospitals  in  Paris  only.  In  hot  countries,  after  a 

prolonged  period  of  dry  hot  weather,  microbes  diminish.  In  M.  Miquel's 
view  the  places  where  there  are  most  microbes  are  centers  of  infectious 
disease;  the  curves  of  mortality  to  a  great  extent  correspond  with  the 
curves  of  the  number  of  microbes  and  follow  them  after  a  short  interval. 

In  1  gram  of  the  dust  of  his  laboratory  he  found  750,000  germs,  and 
in  that  of  a  room  in  Paris  2,100,000.  In  the  air  of  hospitals  microbes 

of  suppuration  have  been  found.  Devergie  found  an  '' immense  amount'' 
of  organic  matter  in  the  air  in  the  vicinity  of  a  patient  with  hospital 
gangrene.  Dr.  Dundas  Thompson  found,  in  the  air  of  a  cholera  ward, 
starch,  woolen  fibers,  epithelium,  fungi,  or  spores  of  fungi,  and  vibriones. 
Scaly  and  small  round  epithelia  are  found  in  most  rooms,  and  in  large 

quantity  in  hospitals.  The  dust  of  a  hospital  ward  at  St.  Louis  con- 
tained 36  to  46  i>er  cent  of  organic  matter,  largely  epithelium  cells. 

Parkes  similarly  detected  large  quantities  of  epithelium  in  the  air  of 
barracks  and  hospitals.  In  1  gram  of  dried  earth  Miquel  found 
800,000  to  1,000,000  microbes.     Eecent  research  shows  the  number  is 
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especially  great  on  the  surface  near  dwellings,  and  rajjidly  decreases 
with  depth,  so  that  at  1  meter  down  there  are  few.  Ninety  per  cent  of 
these  soil  microbes  are  bacteria,  chiefly  in  the  form  of  spores.  It  is 
easy  to  understand  how  these  may  be  carried  into  the  air,  especially  in 
dry  weather,  as  dust  by  wind  and  by  evaporative  forces. 

It  has  been  calculated  that  in  a  town  like  London  or  Manchester,  a 
man  breathes  in  during  ten  hours  37,500,000  spores  and  germs. 

lu  Berlin  an  investigator  found  3  colonies  of  bacteria  and  16  molds 
in  25  liters  from  an  open  square,  and  37  colonies  of  bacteria  and  33 
molds  from  a  schoolroom  just  vacated.  Professor  Tyndall  exi)osed  for 
a  short  time  27  flasks  containing  an  infusion  of  turnip,  etc.,  to  air  on  a 
ledge  of  rock  above  the  Aletsch  glacier  in  Switzerland,  an  altitude  over 
8,000  feet,  and  then  carried  them  to  a  kitchen  stove  with  a  temperature 
of  50°  to  90^  F.  In  the  same  way  23  flasks  were  exposed  to  the  air  of 
a  hayloft  near  the  same  altitude  and  placed  with  the  others  in  the  stove, 
due  precautions  being  taken  in  all  cases  to  prevent  the  kitchen  air  from 
contaminating  the  flasks.  Of  the  27  flasks  opened  in  free  air  not  one 
showed  a  sign  of  organic  life;  of  the  23  opened  in  the  hayloft,  21  were 
invaded.  Many  other  experiments  in  London  and  elsewhere  convinced 
him  that  the  air  of  an  ordinary  room  fiwarms  with  germs  of  life,  and 
that  if  infusions  of  flesh,  flsh,  or  vegetable  be  exposed  even  for  a  short 
time  to  the  dusty  air  they  become  turbid  and  putrid  within  a  few  days. 

Exposed  for  months  to  air  "optically  pure,"  that  is,  deprived  of  dust, 
they  remain  clear  and  sweet  for  months,  in  fact,  do  not  putrefy  at  all. 
Some  of  the  germs  or  spores  in  the  air  have  a  very  remarkable  resisting 

power  and  will  germinate  after  several  hours'  boiling;  others  are  killed 
in  five  minutes.  The  spores  of  bacillus  subtilis,  which  is  common  in 
hay  or  in  the  air  of  haylofts,  is  not  killed  by  prolonged  boiling.  But 
bacilli  themselves,  which  are  soft  and  unprotected,  are  killed  by  boiling 
water  within  a  few  minutes.  The  small  size  of  the  germs  and  bacilli 

may  be  to  some  degree  realized  when  we  note  that  in  TyndalFs  estima- 
tion the  number  in  a  single  drop  of  turbid  infusion  is  probably  500,000,000 

"many  times  multiplied."  The  evaporation  of  such  a  drop  would  then 
conceivably  i^ermit  the  launch  into  the  atmosi)here  of  more  than  one 
thousand  million  organisms.  The  natural  processes  of  decay  in  most 
places  on  the  surface  of  the  earth  must  be  incessantly  nourishing 

immense  numbers  of  microbes  in  very  great  variety,  and  wherever  dry- 
ing or  heating  takes  place  quantities  of  colonies  of  all  sorts  which  can 

flourish  in  daylight  must  be  raised  into  the  air  and  widely  disseminated. 
Percy  Frankl and  counted  the  number  of  microbes  falling  on  a  square 

foot  in  one  minute  in  several  situations,  with  the  following  result: 

Roof  of  Science  Schools,  Kensington,  March    851 
Eoof  of  Science  Schools,  Kensington,  when  the  wind  was  stronger    1,  302 

Roof  of  Science  Schools,  Kensington,  after  rain    60-66 

Eoof  of  Science  Schools,  Kensington,  during  thick  fog    26-32 
Burlington  Honse,  during  Conversazione    318 

Burlington  House,  on  following  morniug    lOS 
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Natural  History  ̂ Museum,  Entrance  Hall,  AVhitmonday     1,  755 
Hospital  for  Consumption,  morning           18 
Hospital  for  Consumption,  afternoon           66 
Railway  compartment,  open  window,  4  persons         395 

Railway  compartment,  window  4  inches  open,  10  persons     ?■,,  120 

111  experiments  made  with  tlie  object  of  finding  the  nnmber  of 
microbes  in  a  certain  volume  of  air,  lie  found  at  a  lieight  of  300  feet  on 

Norwich  Cathedral,  only  7  in  2  gallons j  on  the  gravel  near  the  cathe- 
dral, 18:  at  the  top  of  Primrose  Hill,  9;  at  the  foot,  24. 

Dr.  Fischer  found,  in  experiments  made  at  sea,  that  at  120  miles 
from  land,  in  eleven  out  of  twelve  experiments,  the  air  was  quite  free 
from  germs:  that  at  90  miles  from  laud,  in  seven  cases  out  of  twelve, 
there  were  germs,  but  very  few.  Practically  it  appears  that  at  120  sea 
miles  distant  from  land  the  air  is  pure  and  free  from  microorganic  life. 
Angus  Smith  roughly  calculated  the  amount  of  organic  matter,  living 

and  dead,  to  weigh,  in  i^ure  air  on  high  ground,  1  grain  in  209,000  cubic 
feet;  in  a  bedroom,  1  grain  in  64,000  cubic  feet;  in  a  closely  packed 
railway  carriage,  1  grain  in  8,000  cubic  feet. 

He  obtained  some  curious  results  by  shaking  up  air  in  different  places 

with  water.  The  air  of  a  cowhouse  gave  an  effect  onl}'  produced  by 
fift}^  to  one  hundred  times  the  quantity  of  good  air,  and  contained  a 
mass  of  debris,  hairs,  etc.  The  air  behind  houses  in  streets  was  worse 
than  in  front  of  them. 

Moisture  collected  from  the  air  above  marshes  has  been  found  by 

Italian  observers  to  contain  multitudes  of  seeds  of  algie  and  of  micro- 
scopic infusoria.  The  condensed  dew  exhibits  a  surprising  quantity  of 

spores  and  sporangia. 

Other  observers  agree  in  noting  decaying  organic  matter  in  abun- 
dance, vaporous  and  solid,  together  with  living  minute  forms  of  animal 

and  vegetable  life,  floating  in  the  air;  these  consist  of  algae,  diatoms, 
fungi,  bacteria,  and  other  microorganisms. 

The  subtilis,  or  hay  bacillus,  is  always-  present  in  the  open  air,  but 
the  bacilli  generally  keep  to  low  levels  and  do  not  extend  so  high  as 
the  mold  fungi. 

Cunningham,  at  Calcutta,  found  spores  and  other  cells  constantly 
present  in  the  free  air,  usually  in  considerable  numbers.  The  majority 
were  living,  capable  of  growth,  and  seemed  independent  of  moisture 
and  clirection  of  wind. 

Mr.  Greeiileaf  Tucker  found  that  outside  the  City  Hospital  of  Boston 
10  liters  of  air  contained  on  an  average  10  colonies  of  bacteria,  7  of 
molds,  in  November ;  13  of  bacteria  and  3  of  molds  in  January.  The 
number  of  bacteria  was  less  on  rainy  days.  The  hospital  itself  con- 

tained few  bacteria,  owing  to  constant  care  and  cleanliness,  but  the 
number  was  much  increased  after  sweeping  and  bedmaking. 

Carnelley  found  in  clean  one-roomed  houses  180  bacteria  per  10  liters; 
tu  dirty  houses,  410;  in  very  dirty,  930;  in  schools,  from  300  to  1,250, 
according  to  ventilation;  in  the  Eoyal  Infirmary,  Dundee,  10  to  20. 
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The  greater  part  of  tlie  dust  of  clean  habitations,  consisting  of  motes 
derived  from  mineral,  vegetable,  and  animal  substances,  has  little 
apparent  effect  upon  health.  But  it  certainly  tends  to  reduce  vitality 
by  some  small  amount,  and  gives  extra  work  to  the  breathing  organs. 
Conseqnently,  to  invalids  and  delicate  persons  it  is  important  to  reduce 
this  dust  by  all  reasonable  means.  A  beam  of  strong  light,  sunlight 
or  the  electric  lamp,  shows  the  air  of  most  inhabited  rooms  to  be  so 
crowded  with  dust  as  to  be  almost  opaque  to  vision.  Aitken  found 

41,000,000  particles  in  the  cubic  inch  in  a  room  where  gas  was  burning. 
Eooms  with  polished  wooden  floors,  painted  hard  plaster,  glazed  paper, 
or  wood-paneled  walls,  and  not  containing  fluffy  fabrics,  evolve  much 
less  dust.  They  are  more  healthy  not  only  on  this  account,  but  chiefly 
because  they  i^rovide  much  less  pabulum  and  protection  for  the  growth 
of  noxious  microorganisms. 

De  Chaumont  found  in  the  air  at  Paddington  and  in  University  Col- 
lege Hospital  i^articles  composed  of  the  epidermis  of  hay,  of  pine  wood, 

linen,  cotton,  epithelium,  charred  vegetables,  and  minerals. 
Tichborne,  of  Dublin,  found  in  a  street  45.2  per  cent  of  organic  matter, 

and  at  the  top  of  a  pillar  20.7  per  cent.  Most  of  it  was  finely  ground 
manure. 

The  spores  and  mycelium  of  Adiorion  schonleinii  and  of  Tricopliyton 
tonsurans  have  been  found  in  the  air  of  a  hospital  for  diseases  of  the 
skin. 

The  surface  of  the  ground  in  streets,  squares,  courts,  and  garden^s, 
and  the  sweepings  of  dwellings  and  stables,  contain  swarms  of  the 
germs  of  the  bacillus  of  tetanus,  a  disease  fatal  to  man.  These  chiefly 
infest  the  droppings  of  various  domestic  animals,  and  may  be  carried 
through  the  air  to  wounds  j  commoidy  they  infect  by  contagion  and 
not  through  the  air.  Drying,  light,  and  putrefying  matter  do  not  kill 

the  bacillus,  nor  does  a  temperature  of  80°  to  90^  C.  Tetanus  has 
caused  great  mortality  among  soldiers  who  have  lain  wounded  at  night 
on  the  field  of  battle,  probably  owing  to  the  lifting  of  the  bacillus  by 
emanations  from  the  ground  and  its  deposit  on  open  wounds. 

SEWER   AIR. 

Sewer  air  contains  molds,  fungi,  bacteria,  and  animal  and  vegetable 
debris.  The  microbes  do  not  exceed  about  6  i>er  liter  in  a  good  sewage 
system.  In  ordinary  drains,  however,  they  are  much  more  numerous, 
and  are  borne  into  the  interior  of  houses  in  company  with  highly 
poisonous  gases.  The  gases  of  sewers  are  sulphuretted  hydrogen, 
ammonium  sulphide,  carbon  bisulphide,  a  very  little  marsh  gas,  com- 

pound ammonias,  with  traces  of  ptomaines  and  leucomaines. 

AIR   OF   MINES. 

The  air  of  mines  contains  only  a  few  molds,  fungi,  and  bacteria^ 
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GROUND  AIR. 

Ground  air  contains  microorganisms  in  abundance,  according  to 

locality  and  conditions,  but  has  hitherto  been  little  examined.  It  con- 
tains an  enormous  quantity  of  carbon  dioxide,  which  is  at  its  maximum 

from  July  to  !N"ovember.  The  foul  air  of  cesspools  is  sometimes  drawn 
into  houses  through  20  feet  of  earth. 
When  organic  substances  decompose  in  the  air,  they  are  first  attacked 

by  molds,  then  by  bacteria.  These  last  cause  odorous  gases  to  be 
emitted,  which  are  oxidized  by  the  air.  If  the  air  has  access  to  the 
substances,  aerobic  organisms  multiply  j  if  only  slight  access,  as  in 

masses  of  filth  in  a  drain,  anaerobic  multiply,  such  as  those  of  putre- 
faction, of  tetanus,  and  of  malignant  cedema. 

ORGANISMS,   ETC.,  IN  THE   OPEN  AIR. 

The  open  air  in  populous  places  contains  much  dust  of  suspended 
matter  and  many  living  organisms.  Debris  from  wool,  silk,  fibers,  hair, 
feather  particles,  dried  epithelial  cells,  epidermic  scales  from  the  skin, 
pus  cells,  pyogenic  microorganisms,  fragments  of  insects,  and  fecal 
particles  are  among  the  former,  and  living  minute  ova  or  infusoria, 

minute  amoebiform  organisms,  etc.,  which  may  even  groic  in  the  atmos- 
phere, are  among  the  latter.  All  these  are  of  animal  origin.  Of  vege- 

table origin  are  the  following:  Soot,  fibers,  hairs,  cells,  starch,  straw  in 
powder,  spores  of  molds,  fungi,  diatoms,  and  bacteria;  living  pollen 
seeds,  spores  of  fungi,  molds,  diatoms  (which  may  live  and  grow  in 
the  atmosphere),  and,  rarely,  mycelium  of  fungus,  algae,  bacteria,  and 
their  spores.  In  woods  in  September  basidiospores  are  abundant.  Of 
mineral  matter,  sodium  chloride,  or  common  salt,  is  always  present. 

MICROORGANISMS   IN  ROOMS. 

Many  living  microbes  float  in  the  air  of  all  dwelling  houses,  but  in 
rooms  which  are  old,  overcrowded,  and  dirty,  the  numbers  are  very 
much  higher.  These  come  for  the  most  part  from  the  sides  and  floor, 
and  not  from  persons,  but  they  are  much  more  numerous  when  the  dust 
is  disturbed  than  when  the  room  has  been  quiet  for  a  short  time.  In 
schools,  large  numbers  of  microbes  find  a  nidus  under  and  between 
the  boards  of  the  floor  if  these  are  not  close-joined.  Bacteria  chiefly 
abound,  but  many  mold  and  yeast  fungi  are  also  present.  The  latter 
belong  more  to  the  external  air,  the  bacteria  to  the  internal  air,  and 
since  the  bacteria  are  the  heaviest,  the  air  of  a  room  which  is  left  quiet 
contains  a  preponderance  of  molds  and  yeasts.  Pathogenic  or  disease 
germs  are  nourished  to  a  great  extent  by  the  floors  and  walls  of  rooms, 
and  for  this  reason  the  material  should  be  smooth  and  easily  washed. 
In  schools  and  places  which  are  frequently  crowded,  cleansing  should 

be  frequent,  and  no  opportunity  of  extensive  growth  of  bacterial  col- 
onies should  be  tolerated.  An  inquiry  into  the  relative  impurity  of  air 

in  differently  constructed  buildings  would  be  useful. 
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The  clothes  of  scholars  should  be  clean  and  washable,  and  there 
should  be  no  crowding  together  in  the  class  rooms. 

SEWER   AIR. 

Sewer  air  in  sewers  of  good  construction,  in  good  order,  and  at  ordi- 
nary temi:>eratures,  contains  very  few  living  organisms  discoverable  by 

the  usual  methods.  Microbes  are  not  easily  given  off  from  sewage 
unless  it  be  in  a  state  of  fermentation,  and  those  which  escape  soon 
attach  themselves  to  the  wet  surfaces  of  the  sewer  and  drains.  Yet 

there  may  be  microorganisms  which  are  not  capable  of  cultivation 
and  observation  by  means  hitherto  tried,  but  which  are  the  agents 

concerned  in  the  putrefactive  and  disease-causing  changes  set  up  in 

organic  substances  exposed  to  sew^er  air. 
Moreover,  the  presence  of  a  very  few  pathogenic  microbes  may  be 

sufficient,  when  inhaled  with  the  noxious  gases  in  which  they  float,  to 
set  up  typhoid  and  other  dangerous  disorders. 

It  is  well  to  guard  against  the  assumption  that  negative  evidence 
proves  anything  in  these  cases.  The  bacilli  or  organisms  of  smallpox, 
measles,  whooping  cough,  malaria,  etc.,  are  either  undiscovered  or  very 
difficult  to  see  and  to  identify.  Drinking  water  which  may  be  clear, 

bright,  and  pronounced  by  microscopic  analysis  to  be  pure  and  excel- 
lent, may  poison  by  the  invisible  germs  of  tyi)hoid  which  it  contains. 

Analysis  of  water  and  of  air  is  sometimes  a  less  trustworthy  arbiter 
than  the  senses,  or  than  knowledge  of  suspicious  circumstances. 

Often  a  family  lives  in  a  badly  drained  house  for  a  long  time  without 
suffering  anything  worse  than  headaches,  diarrhea,  sore  throat,  or  loss 
of  appetite.  These  ailments  may  be  due  either  to  habitual  inhalation 
of  the  poisonous  gases,  or  to  the  gases  joined  with  slightly  virulent 
microbes.  Depressed  vitality  gives  a  strong  presumption,  if  other 
conditions  are  wholesome,  that  drain  air  enters  the  house. 
When  drains  and  sewers  are  out  of  order,  or  fermentation  is  going 

on,  or  where  there  is  old  sediment,  it  is  probable  that  a  large  number 

of  microbes  of  a  disease-producing  kind  are  evolved  and  carried  by  the 
gases  and  air  into  houses.  The  process  of  decomposition  and  fermen- 

tation sets  free  small  bubbles  of  gas  in  the  liquid  and  on  the  wet  surface, 
and  these  bubbles  in  bursting  scatter  a  number  of  small  particles  into 
the  air.  The  force  with  which  liquid  particles  are  scattered  upward 
may  be  observed  in  the  breaking  of  minute  bubbles  such  as  those 
which  rise  to  the  surface  of  a  glass  of  effervescing  water.  Experi- 

ments on  various  drying  and  putrefying  liquids  could  hardly  fail  to 
furnish  interesting  results.  There  seems  to  bo  great  probability  that 
bacteria  or  their  spores  are  thrown  in  quantities  into  the  air  from 
viscous  putrefying  or  fermenting  liquids.  Certainly  a  fermenting 

brewer's  vat  scatters  multitudes  of  yeast  germs  into  the  air,  and  the 
case  seems  strictly  comparable. 
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VAPOR  AND    ORGANIC   MATTER  FROM   LIVING   BODIES. 

The  lungs  and  skin  together  give  off  about  30  ounces  of  vapor  in  the 
day,  or  about  550  grains  an  hour,  enough  to  saturate  about  90  cubic 

feet  of  air  at  03°  F.  Estimates  naturally  differ  as  to  average  amounts, 
but  Professor  Foster  states  that  the  water  given  off  from  the  luugs  in 
the  day  is  about  1.5  pounds  and  from  the  skin  2.5  pounds.  Yapor  in  a 

room  ought  not  to  exceed  4.7  grains  per  cubic  foot  at  03°  F.,  or  5  grains 
at  65^.  This  vapor  is  j^ractically  not  pure,  for  it  is  associated  with 
minute  portions  of  organic  gases  and  solids,  and  condenses  with  them 
upon  the  walls,  ceiling,  and  furniture,  whence  it  emerges  again  with 
organic  dust  when  these  are  warmer  than  the  air  of  the  room. 

Organic  matter  is  given  off  from  the  luDgs  and  skin,  of  which  neither 
the  exact  amount  nor  the  composition  has  been  hitherto  ascertained. 
The  quantity  is  certainly  very  small,  but  of  its  importance  there  can  be 
no  doubt.  It  darkens  suli)huric  acid,  decolorizes  permanganate  of 

potash,  and  makes  pure  water  offensive  when  drawn  through  it.  Col- 
lected from  the  air  by  condensation  of  vapor  in  a  hospital,  it  is  found 

to  blacken  platinum  and  to  yield  ammonia  5  it  is  therefore  nitrogenous 
and  oxidizable.  It  has  a  very  fetid  smell  and  is  only  slowly  oxidized 
by  fresh  air.  It  is  molecular  or  particulate 5  it  contains  epithelium  and 
fatty  matter  from  the  mouth  and  pharynx,  sometimes  effluvia  from 
the  stomach.  Damp  walls,  moist  paper,  wool,  and  feathers  are  capable 
of  largely  attracting  or  absorbing  it.  Experiment  shows  that  it  bears 
a  nearly  constant  proportion  to  the  carbon  dioxide  in  inhabited  rooms, 
so  that  this  gas  is  conveniently  taken  as  an  indicator  of  the  amount  of 
the  organic  matter  in  the  air.  Since  this  organic  matter  has  been  proved 

to  be  highly  poisonous, ^  even  ai)art  from  carbon  dioxide  and  vapor,  we 
may  safely  infer  that  much  of  the  mischief  resulting  from  the  inspira- 

tion of  rebreathed  air  is  due  to  the  special  poisons  exhaled  from  the 
body,  their  fatal  effect  being  accelerated  by  the  depression  of  vitality 
caused  by  the  gaseous  products  of  respiration  and  by  the  want  of 
oxygen.  Air  thus  organically  vitiated  and  confined  in  places  long 

inhabited,  which  are  subject  to  continual  condensation  on  their  sur- 
faces, without  proper  cleansing,  appears  to  play  a  very  large  part  in 

the  propagation  of  disease  in  man  and  animals. 

The  quantity  of  particulate  organic  matter  given  off  has  been  esti- 
mated at  30  to  40  grains  for  each  adult.  This  is  certainly  sufficient 

for  the  nutriment  and  sustenance  of  a  very  large  number  of  micro- 
organisms, which  may  grow,  iu  the  presence  of  moisture,  upon  it  and 

upon  other  dust  deposited  upon  the  walls,  floor,  and  ceiling.  Water 
through  which  breath  has  been  passed,  and  kept  at  rather  a  high 

temperature,  gives  off  an  unpleasant  smell,  and  putrefaction  is  set  up.^ 
It  does  not  appear  to  be  definitely  ascertained  whether  the  breath  and 

1  Dr.  A.  Ransome  and  others. 

2 Carpenter}  Douglas  Galton. 
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skin  actually  and  normally  emit  in  good  health  living  microorganisms, 
either  pathogenic  or  harmless,  but  the  probability  is  considerable  when 
we  remember  that  the  mouth  and  air  passages  are  inhabited  by  various 
species,  and  that  warm  evaporating  surfaces  exercise  a  repulsive  force 
on  minute  particles.  Foster  states  that  the  aqueous  product  from  the 

breath  is  very  apt  to  putrefy  rapidly,  owing  to  the  presence  of  micro- 
organisms. It  is  not  generally  assumed,  however,  that  living  microbes 

are  exhaled  to  an  appreciable  extent.  The  subject  is  an  important 

one  and  demands  inquirj^,  but  the  ultra  microscopic  minuteness  of  the 
germs  may  defeat  direct  observation.  As  to  the  frequent  emission  of  a 

deadly  inarticulate  poison,  however,  no  doubt  whatever  can  exist.^  It 
is  a  dangerous  and  pernicious  element  in  all  aggregations,  and,  com- 

bined with  carbon  dioxide,  produces,  when  in  moderate  quantity,  depres- 
sion, headache,  sickness,  and  other  ailments;  when  in  large  quantity, 

as  in  the  Black  Hole  of  Calcutta,  and  in  various  prisons  of  which  there 
is  record,  rapid  death  in  the  majoriLy  and  fever  in  the  survivors.  Its 
action  upon  the  development  of  living  germs  when  deposited  upon 

outside  objects  has  not  been  ascertained.  Probably  it  may  be  favor- 
able to  some  and  unfavorable  to  others.  Some  of  the  most  deadly 

human  and  animal  diseases  certainly  are  capable  of  virulent  growth  in 
their  presence,  and  of  passing  more  easily  in  a  potent  condition  through 
air  in  which  they  are  abnormally  concentrated. 

ORGANIC    EMAXATIOXS   FROM    THE    SICK. 

Hospitals,  when  not  well  ventilated,  contain  a  very  large  quantity  of 
organic  matter  floating  in  the  air  and  deposited  on  walls  and  floors. 

This  gives  rise,  in  the  most  impure  air,  to  hospital  gangrene  and  ery- 
sipelas, increases  the  severity  of  many  diseases,  and  prolongs  conva- 

lescence. Gangrene  having  once  appeared,  is  very  difficult  to  get  rid 
of.  Thorough  ventilation  and  hygiene  of  the  building  where  the  sick 
are  received  and  treated  i)revents  these  evils  from  arising. 

ORGANIC   EMANATIONS   FROM   THE    SKIN. 

Sweat  contains  salt,  lactate,  butyrate,  and  acetate  of  ammonium ;  cal- 
cic phosphate,  ferric  oxide,  volatile  fatty  acids,  e.  g.,  sometimes  valeri- 

anic and  caproic  acid,  and  sometimes  leucin.  Perspiration  gives  off 

into  the  air  a  large  quantity  of  vapor,  about  2  pounds  in  the  twenty- 
four  hours  and  a  little  over  1  per  cent  of  this  quantity  of  solid  organic 
matter.  Fatty  acids,  inorganic  salts,  neutral  salts,  ammonia,  and  par- 

ticles of  epidermis  are  constantly  passing  from  the  skin  into  the  air. 
In  the  sick  the  matter  emanating  from  the  skin  is  often  largely 
increased  and  is  very  offensive. 

^Some  recent  experiments  of  Smith  and  Haldane  seem  to  show  that  carbon  dioxide 
is  the  only  element  of  mischief,  but  the  conditions  of  ordinary  life  are  so  various  and 
so  difficult  to  imitate  in  experimental  investigation  that  the  inquiry  needs  to  he 
widely  extended. 
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The  poisonous  matter  emanating  from  the  skin  of  healthy  people 
and  animals^  if  thrown  back  upon  the  body  by  accidental  or  artificial 
means,  causes  death  in  a  short  time,  not  only  in  the  case  of  rebreathing, 
but  in  cases  where  the  pores  of  the  skin  are  stopped,  as  by  gold  leaf  or 
plaster  of  paris.  Sheep  have  died  in  large  numbers  after  being  dipped 
in  a  resinous  compound.  The  i)oison  returned  upon  the  body  by  the 
stoppage  of  the  pores  by  finely  divided  soot  may  be  a  cause  of  the 
excess  of  cancer  in  chimney  sweeps.  Dirty  bedding  used  after  having 
been  rolled  up  for  two  months  has  given  fever. 

The  relation  of  the  organic  matter  of  respiration  to  disease  can  not  be 
doubted,  and,  indeed,  it  seems  probable  that  much  of  the  mortality  of 
infant  and  adult  life  may  be  due  to  the  rebreathing  of  poison  excreted 

by  breath  and  skin.  These  are  known  to  be,  mediately  or  even  some- 
times directly,  a  great  cause  of  consumption,  pneumonia,  and  bronchi- 

tis. The  recent  experiments  on  the  development  of  typhoid  fever  by 
the  respiration  of  sewer  gas  lead  naturally  to  the  inference  that  other 
poisons  besides  that  of  sewer  gas  may  play  a  very  important  part  in 
laying  the  system  open  to  the  attack  of  disease  germs  either  from 
within  or  from  without  the  body.  The  chemistry  of  the  expired  breath 
deserves  full  investigation  in  many  different  cases  and  circumstances. 

Gaseous  emanations  from  sewers,  drains,  cesspools,  and  foul  refuse 
cause  diarrhea,  vomiting,  and  prostration,  or  a  low  state  of  health. 
Children  are  more  susceptible  than  adults,  and  when  they  breathe  the 

gases  largely  diluted  may  suffer  from  languor,  sore  throat,  and  diar- 
rhea. These  results  may  be  due  simply  to  chemical  or  inorganic  poi- 

soning. Where  the  specific  organism  is  present,  typhoid,  epidermic 

diarrhea,  or  diphtheria  may  result.  Well- managed  sewage  farms  do 
not  seem  to  cause  illness  in  their  neighborhood.  Sodden  and  neglected 

farmj^ards,  on  the  other  hand,  are  both  common  and  pernicious.  A 
great  deal  of  illness,  affecting  both  man  and  animals,  arises  from  them. 

Thus  "circulation,"  as  in  sewage  farms,  versus  "stagnation,"  as  in  farm- 
yards, shows  its  great  superiority,  even  where  other  circumstances  are 

apparently  adverse. 
The  air  close  to  certain  crowded  burial  grounds  has  had  a  very  bad 

effect  on  people  living  near  them  -,  it  has  greatly  aggravated  any  disease 
from  which  they  suffered. 

The  effluvia  from  decomposing  corpses  produces  dysentery,  diarrhea, 
or  a  low  fever,  and  in  some  circumstances  diseases  of  a  more  severe 
character. 

SULPHURIC   AND   HYDROCHLORIC  ACIDS. 

Sulphuric  and  hydrochloric  acids  exist  to  a  small  amount  in  the  atmos- 
phere, but  are  not  easily  discovered  except  when  brought  down  to  the 

ground  dissolved  in  mist  or  rain.  Hydrochloric  acid  is  one  of  the  most 
soluble  gases  known,  water  at  ordinary  temperature  absorbing  five 

hundred  times  its  volume.  At  Eothamsted,  about  23  miles  from  Lon- 
don, the  sulphates  in  rain  were  0.0027  in  the  summer  and  0.0032  in  the 
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winter  J  the  chlorides  were  much  less  in  summer  than  in  winter.  The 
average  of  suljjhates  in  a  certain  period  of  thirteen  months  was  0.004, 
of  chlorides  0.0033.  Seven  samples  collected  near  Horsham,  in  Sussex, 

gave  sulphates  0.0048,  chlorides  0.0041.  A  sample  collected  on  Dart- 
moor during  a  gale  from  the  southwest  gave  the  folloAving  results: 

Sulphates  0.0005,  chlorides  0.0087.  Proxicaity  to  the  sea  evidently 

increases  the  chlorides  and  reduces  the  sulphates.  At  St.  Bartholomew's 
Hospital,  in  central  London,  the  sulphates  were  0.0388,  the  chlorides 
0.0179,  and  the  amounts  were  greater  in  summer  than  in  winter.  The 
quantities  of  these  impurities  in  the  air  of  a  large  town  are  much  above 
the  average  of  the  country.  The  rain  does  not  give  acid  reaction,  but 
wherever  it  is  contaminated  with  soot  it  becomes  distinctly  acid  after  a 

few  hours.  Soot,  then,  being  acid  and  becoming  moistened  by  rain, 
must  play  an  important  part  in  the  corrosion  of  buildings  and  other 
materials  on  which  it  has  been  deposited.  Experiments  were  made  by 
Dr.  Eussell  by  means  of  a  conical  vessel  filled  with  ice,  to  ascertain  the 
amounts  of  impurities  condensed  from  air  in  London.  The  results  were 
remarkable;  sulphates  0.1344,  chlorides  0.0506,  ammonia  O.OO63  and  in 
fogs  the  amounts  were  0.2480  sulphates,  0.1215  chlorides. 

ARSENIOUS   ACID   IN   RAIN. 

A  gallon  of  rain  in  the  city  of  London  has  been  found  to  contain 
0.00021  grain  of  arsenious  acid. 

AMMONIA   IN   THE   AIR. 

Ammonia  is  always  present  in  the  air  in  minute  traces,  either  free  or 

combined.  It  is  a  chemical  compound  of  14  parts  by  weight  of  nitro- 
gen and  3  of  hydrogen,  and  arises  from  the  decomi:)osition  of  organic 

matter.  It  is  lighter  than  air  in  the  proportion  of  8.5  to  1 1.47 .  Although 

the  quantity  rarely  exceeds  3J  parts  in  10,000,000  of  air,  this  is  suffi- 
cient to  be  of  very  high  imi)ortance  to  the  growth  of  vegetation,  for  the 

gas  is  soluble  to  quite  an  extraordinary  amount  in  water,  and  is  thus 
continually  being  brought  down  from  the  atmosphere  in  rain  and  dew. 
Brandes  found,  by  evaporation  of  rain,  in  each  million  kilograms  from 
8  (May)  to  G5  (January)  kilograms  of  residue,  of  which  ammonia 

salts  formed  a  considerable  portion. ^  Eain,  according  to  Eoussingault, 
contains  about  three-fourths  of  a  milligram  of  ammonia  per  liter,  equal 
to  7  kilograms  per  hectare  per  annum.  Dew  contains  about  6  milli- 

grams, equal  to  about  29  kilograms  per  hectare  per  annum;  fog,  about 
50  milligrams,  and  in  Paris,  138  milligrams.  Water  dissolves  from 
700  to  1,000  times  its  volume  of  ammonia,  according  to  the  temperature. 
Eepresenting  the  quantity  of  ammonia  in  rain  at  Yalentia,  in  Western 
Ireland,  by  1,  the  quantity  inland  in  England  was  5.04,  at  Glasgow 
50.55.  The  albuminoid  ammonia  was:  Yalentia  1,  Manchester  7.38, 
London  6.23. 

J  Pierre. 
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In  summer  the  amount  in  the  air  is  highest,  in  winter  lowest.  In 

large  coal-burning  towns  it  is  considerably  more  abundant  than  in  the 
country,  and  is  deposited  with  carbonaceous,  sulphurous,  and  organic 
matter  on  exposed  surfaces  during  the  prevalence  of  fogs.  Foggy  air 
in  these  towns  contains  an  excess  of  sulphates  and  chlorides,  but  a 
still  greater  excess  of  organic  matter  and  ammonia  salts,  often  double 
the  normal.  The  ammonia  contained  in  the  deposit  on  glass  roofs  in 
Chelsea  and  Kew  after  fogs  was  respectively  1.4  and  1.1  per  cent.  The 
processes  of  combustion,  both  in  manufactories  and  in  domestic  fires, 
of  coal  and  of  coal  gas,  give  rise  to  ammonia. 

Only  traces  of  ammonia  are  evolved  from  the  lungs,  and  a  little  from 
the  skin  and  in  persi)iration. 

The  smell  of  ammonia  is  distinguishable  in  most  stables,  but  where 
strong  we  may  be  sure  that  ventilation  is  deficient.  Main  streets, 
especially  where  wooden  pavements  are  used,  often  smell  offensively  of 
ammonia;  on  still,  dry  days  the  ammoniacal  dust  is  thick  in  the  air, 
and  in  windy  weather  is  blown  about  in  clouds.  Analysis  has  shown 
that  95  per  cent  of  the  dust  from  wooden  pavements  in  main  London 
thoroughfares,  consists  of  horse  dung.  This  is  breathed  into  the  lungs 
and  often  produces  sore  eyes  and  sore  throat.  Such  pavements  should 
either  be  kept  scrupulously  clean  throughout  the  day  or  be  properly 
watered,  in  order  to  reduce  harmful  dust,  and  an  occasional  coating  of 
tar  would  not  only  x^revent  the  emanation  of  noxious  matter,  but  would 
preserve  the  wood. 

Ammonia,  being  everj^where  present  in  the  air  and  extremely  soluble 
in  water,  may  truly  be  said  to  be  attached  to  all  exposed  surfaces  where 
moisture  is  also  present j  in  the  neighborhood  of  human  habitations 
and  decaying  animals  or  vegetable  matter  it  has  been  found  on  all 
objects;  in  a  room,  if  a  perfectly  clean  glass  be  suspended,  traces  of  it 
appear  after  an  hour  and  a  half.  Evolved  in  small  quantities  from  the 
skin  and  lungs,  it  must  be  deposited  with  condensed  vapors  on  the 
walls,  ceilings,  and  floors  of  dwelling  houses. 

NITRIC    ACID    IN   THE   AIR. 

Nitric  acid  also  pervades  the  air  in  minute  quantity,  and,  with  ammo- 
nia, plays  a  great  part  in  the  development  of  i)lants.  It  results  partly 

from  the  combination  of  nitrogen  and  oxygen  in  the  atmosphere  caused 
by  thunder  storms  and  partly  by  the  oxidation  in  loamy  soil  of  the 
ammonia  of  decomposing  organic  matter.  It  seems  probable  that  many 
forms  of  bacteria  or  molds  may  be  favored  in  their  growth  by  the 
presence,  with  moisture,  of  these  two  nitrogenous  substances.  Within 
human  habitations,  cow  sheds,  etc.,  we  must  regard  the  walls,  and  all 
surfaces  as  covered  with  a  thin  top-dressing  of  moist  organic  dust  and 
ammonia.  Within  the  soil  ammonia  appears  to  be  oxidized  to  nitrites 
by  one  set  of  microorganisms,  while  another  set  oxidizes  nitrites  to 
nitrates.    To  the  latter  the  presence  of  ammonia  is  a  hindrance. 
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LOCAL    GASEOUS    IMPURITIES— SULPHURETED    HYDROGEN — SEWER    AND    DRAIN  AIR. 

When  certain  animal  and  vegetable  matter  undergoes  decay,  tlie 
small  quantity  of  sulphur  which  it  contains  combines  with  hydrogen 
and  forms  the  gas,  sulphureted  hydrogen,  which,  even  in  mere  traces, 
is  very  offensive  to  the  sense  of  smell.  It  also  forms  some  offensive 
organic  sulphides.  The  sulphureted  hydrogen  gas  set  free  often  bears 
with  it  germs  of  disease,  so  that  it  has  been  treated  as  a  danger  signal. 

Drain  or  sewer  air,  however,  does  not  always  contain  the  gas  in  appre- 
ciable amount,  when  dangerous  germs  are  being  given  off,  and  the 

faint  smell  of  an  old  filth  deposit  may  exceed  in  morbific  effects  the 
unpleasant  odor  of  fresh  putrefactive  processes.  Nor  does  sewer  air, 
even  if  it  be  poisonous,  often  contain  virulent  germs  of  disease.  Dogs 
and  horses  are  rapidly  prostrated  by  1.25  to  4  volumes  of  sulphureted 
hydrogen  per  1,000  of  air,  but  men  can  breathe  a  larger  quantity.  In 
large  doses,  nausea,  headache,  convulsions  j  in  small  doses,  low  febrile 
symptoms  follow  its  inhalation.  The  frequent  inhalation  of  small  doses 
produces  chronic  poisoning;  1  per  cent  is  at  once  destructive  of  life. 

The  air  over  some  of  the  most  pestilential  marshes  in  Italy  contains 

an  unusually  large  quantity  of  the  gas.  In  mines  it  produces  convul- 
sive, narcotic,  and  tetanic  symptoms. 

SULPHUROUS   ACID. 

Sulphurous  acid  in  the  air  of  cotton  and  worsted  manufactories  appar- 
ently tends  to  produce  bronchitis  and  anaemia.  It  destroys  vegetation 

in  the  neighborhood  of  copper  works. 

CARBURETED   HYDROGEN. 

Carbureted  hydrogen,  breathed  in  small  quantities,  as  in  the  air  of 
some  mines,  does  not  seem  to  cause  ill  effects,  and  experiment  has 
shown  tbat  for  a  short  time  it  can  be  breathed  in  the  proportion  of  one 
volume  to  four  of  air. 

HYDROCHLORIC   ACID. 

Hydrochloric  acid  vapor  is  very  irritating  to  the  lungs.  In  some 
processes  of  making  steel  this  gas,  with  sulphurous  and  nitrous  acids 
and  chlorine,  cause  bronchitis,  pneumonia,  destruction  of  lung  tissue, 
and  eye  diseases  among  the  workers.  It  destroys  vegetation  for  a  long 
distance  when  given  off  in  large  quantities  from  manufactories. 

CARBON   BISULPHIDE. 

Carbon  bisulphide  vapor,  given  off  in  vulcanized  india-rubber  facto- 
ries, produces,  in  those  exposed  to  it,  headache,  giddiness,  pains  in  the 

limbs,  nervous  depression  or  excitement,  and  complete  loss  of  appetite. 
Carbon  monoxide  is  a  very  poisonous  gas  arising  from  the  consump- 

tion of  coal,  coke,  coal  gas,  and  especially  charcoal.  Less  than  0.5  per 
cent  is  fatal  to  animals.    Fatal  consequences  from  the  use  of  charcoal 
stoves  where  ventilation  is  defective  are  common  in  some  countries. 

230A   4 
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Carbonic  oxide  is  given  off  by  iron  works,  brick  fiekls,  copper  furnaces, 
and  cement  works.  It  is  dangerously  present  in  tke  cheap  illuminat- 

ing gas  known  as  ''water  gas.'' 
ORGANIC   VAPORS. 

Organic  vapors  of  various  composition  are  given  off  by  marshes,  wet 

forest  ground,  "made  soil,"  soil  containing  organic  matter  under  warm 
sand,  and  by  many  manufactories  for  the  conversion  of  animal  refuse, 
etc.  The  effluvia  from  tanneries,  glue  and  soap  works,  slaughter- 

houses, pigstyes,  etc.,  are  apt  to  lower  the  health  of  people  living 
near  them  and  to  aggravate  disease. 

SOLID   ARTIFICIAL   IMPURITIES. 

Many  severe  forms  of  disease,  especially  of  the  respiratory  organs. 
are  caused  by  the  dust  inhaled  in  various  trades  and  occupations. 
These  are  generally  proportionate  to  the  sharpness  and  angularity  ot 
the  dust  and  its  quantity.  Coal  dust  is  among  the  least  harmful. 
Among  lead  miners,  bronchitis  and  lead  poisoning;  in  copper  mines, 
gastric  disorders;  in  pottery  works,  in  stone  cutting,  steel  grinding,  in 
flax  and  cotton  factories,  in  shoddy  works,  and  in  metal  i^olishing,  lung 
diseases  are  common,  and  the  death  rate  is  high. 

Thus  the  comparative  mortality  of  file  makers  was  300  compared  with 

108,  that  of  gardeners;  of  earthenware  .makers  314,  compared  with 
139,  that  of  grocers;  of  cutlers  and  scissors  makers  229,  compared  with 
129,  that  of  paper  makers.  The  dust  of  soft  woods  and  of  flour  seems 
to  have  little  bad  effect. 

As  regards  phthisis  and  lung  diseases  the  figures  of  several  trades 
are  as  follows,  when  comx)ared  with  fishermen,  100:  Carpenters,  170; 
bakers,  201;  cotton  workers,  274;  file  makers,  396;  stone  and  slate 
quarrymen,  294;  pottery  makers,  565;  northern  coal  miners,  166.  The 
injuriousness  of  the  dust  iu  cotton  mills  is  increased  by  the  use  of 
mineral  substances  for  sizing.  The  mortality  of  cutlers,  etc.,  from 
these  diseases  is  almost  as  great  as  that  of  fishermen  from  all  causes 

put  together,  including  accidents.  The  comparative  exemption  of  col- 
liers in  well- ventilated  coal  mines  deserves  investigation,  for  there 

would  appear  to  be  some  ground  for  the  supposition  that  it  may  be 

owing  to  an  inhibitive  action  of  this  i^articular  dust  upon  the  develop- 
ment of  tuberculosis;  on  the  other  hand,  it  maybe  simply  through 

living  in  fairly  good  air  of  an  even  temperature,  where  the  specific 

germs  of  phthisis  are  few  or  absent.  The  homes  of  the  men  are  gen- 
erally comfortable,  and  much  larger  fires  are  kept  up  than  in  the  south, 

so  that  their  rooms  are  dry  and  well  ventilated. 
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Part  II. — Climate,  Air,  and  Health. 

MALARIOUS  AND  INFECTIOUS  DISEASES:  THEIR  CONNECTION  WITH 

AND  DESTRUCTION  BY  THE  ATMOSPHERE — THE  INFLUENCE  OF 
CLIMATE    ON  NATIONAL    HEALTH. 

The  spreadiDg,  infectious,  or  epidemic  diseases  in  the  animal  world 

and  in  mankind  depend  to  a  very  great  extent  upon  aerial  influences.^ 
Microscopic  fungi  or  microbes,  the  prime  causes  of  these  disorders,  are 
sensitive  to  dryness,  moisture,  heat,  cold,  and  sunlight,  and  a  study  of 
their  relations  to  the  atmosphere  has  led  and  will  lead  to  results  of  the 
very  highest  importance  to  human  welfare.  Many  of  them  reach  the 
living  body,  upon  which  they  lodge,  through  the  air  j  many  are  partly 
nourished  outside  the  body  by  the  gases  and  moisture  which  the  air 
brings  to  the  seat  of  their  growth.  But  as  a  whole  the  pure  atmosphere 
works  energetically  and  unceasingly  for  their  destruction  5  dry  air  and 
sunlight  deprive  most  species  of  disease  organisms  of  their  vitality. 
This  great  generalization  may  best  be  appreciated  by  a  brief  review 
of  the  principal  endemic,  epidemic,  and  pandemic  maladies  to  which 
the  human  race  is  subject,  dealing  especially  with  the  manner  in  which 
they  are  developed,  restrained,  diffused,  or  annihilated  by  the  qualities 
of  the  air. 

Microbes  have  been  divided  into  two  main  classes,  aerobic  and 
anaerobic,  the  first  growing  best  in  the  presence  of  air  and  the  second 
growing  best  in  substances  and  in  positions  to  which  free  air  has  no 
access. 

Some  of  the  first  class,  such  as  the  hay  bacillus  (subtilis),  grow  best 

only  with  a  copious  supply  of  air  5  some  grow  better  when  the  air  sup- 
ply is  not  large  than  when  free  air  is  admitted ;  some  of  the  second 

class  can  grow  in  the  absence  of  free  air,  but  thrive  more  when  some 
air  is  admitted  5  and  others,  which  are  fully  anaerobic,  grow  only  when 
free  air  or  oxygen  is  shut  off.  Examples  of  these  last  are  the  bacillus 
of  symptomatic  anthrax,  of  tetanus,  and  of  the  malignant  oedema  of 
Koch. 

A  large  class  of  bacilli  or  bacteria  are  killed  by  dry  air,  by  light,  by 
artificial  heat,  and  by  prolonged  intense  cold,  but  are  capable,  when 
adverse  influences  act  ui)on  them,  as  by  deficiency  or  inapi)ropriate- 
ness  of  the  nutritive  medium,  of  forming  spores,  minute  germs  which 
are  scattered  abroad  in  a  condition  of  far  stronger  defense,  and  capable 
of  resisting  for  some  considerable  time  prolonged  exposure  to  sun- 

light and  even  to  boiling  water,  to  drying,  to  various  antiseptic  chem- 

icals, and  to  any  possible  natural  cold.  The  spore-bearing  faculty 
belongs  to  a  variety  of  species  of  bacilli,  both  pathogenic  and  harmless. 

^  ''The  atmosphere  is  the  most  uuiversal  medium  or  vehicle"  of  their  poisons  to 
the  breathing  organs  and  intestines.  (Professor  Corficld,  medical  officer  of  St. 

George's,  Hanover  Sc^uare,  London.) 
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Spore  formation  takes  place  at  temperatures  between  16°  and  45°  0., 
and  these  are  in  general  the  extreme  limits.  Bacilli  which  do  not 

form  spores — for  instance,  those  of  typhoid  fever,  glanders,  and  fowl 
cholera — are  easily  killed  outside  the  body  by  a  number  of  natural  and 
artificial  agencies.  Among  these  agencies  the  most  efficacious  are 

drying,  exposure  to  dry  air  and  oxygen,  high  temperature,  sunlight, 
the  i)resence  of  other  species  of  microbes,  the  poisons  evolved  by 
themselves  or  by  other  species,  cold  weather,  exhaustion  of  their 
appropriate  nutriment,  and  various  inimical  substances  which  inhibit 
growth  or  actually  kill.  In  the  very  fatal  diseases  of  cattle  known  as 

anthrax,  and  when  transferred  to  mankiud,  as  wool  sorter's  disease,  the 
bacilli  which  infect  the  blood  of  the  dead  animal  are  killed  by  mere 
drying,  without  exposure  to  air;  but  if  the  blood  be  for  some  little  time 

exposed  to  the  air,  si)ores  are  formed  which  may  remain  upon  the  pas- 
ture, or  upon  wool,  or  hides,  or  elsewhere,  and  infect  fresh  cattle  or 

human  beings  at  some  distant  date.  The  putrefactive  process  in  the 
carcass  also  kills  the  bacilli,  but  will  not  kill  the  spores  if  these  are 
allowed  to  be  formed. 

Anthrax  is  known  to  be  in  many  cases  communicated  through  the 
air  from  one  animal  to  another  or  to  man,  and  among  wool  sorters, 
butchers,  and  others  enters  the  body  through  a  wound,  or  by  the  lungs, 
or  by  the  alimentary  canal. 

Spore  formation  is  generally  favored  by  a  copious  supply  of  oxygen. 
It  is  a  process  by  which  the  degeneration  and  destruction  which  takes 

place  in  a  colony  of  nonspore-bearing  bacilli  is  prevented,  and  by  which 
the  seeds  are  set  adrift,  to  be  planted  and  grow  again  into  bacilli  in 
more  favorable  surroundings. 

The  process  of  growth  from  a  spore  into  a  bacillus  has  been  experi- 
mentally observed  in  favorable  conditions  to  be  completed  in  periods 

varying  from  half  an  hour  to  two  hours.  The  bacillus  introduced  into 
an  appropriate  medium  multiplies  by  fission  at  an  enormous  rate,  so 
that,  for  instance,  248  microbes  of  the  pathogenic  species  Staphylococcus 

pyogenes  aureus  in  a  cubic  centimeter  increased  to  20,000,000  in  twenty- 
four  hours,  and  20,000  bacilli  of  fowl  cholera  multiplied  in  the  blood  of 
a  rabbit  to  about  1,200,000,000  in  twenty  hours. 

Microbes  vary  greatly  in  size  not  only  between  classes  and  species, 
but  between  individuals,  according  to  the  medium  and  circumstances 

of  growth.  Ordinary  dimensions  lie  between  about  0.5  and  5  micro- 
millimeters  in  length  and  0.1  to  0.5  in  breadth.  The  spores  are  in 
many  cases  much  smaller.  Clearly,  an  organic  living  dust  of  less  than 
one  thousandth  of  a  millimeter  in  diameter  is  capable  of  existing  in 
great  numbers  on  very  small  areas,  even  on  sniall,  almost  invisible,  dust, 

and  of  being  wafted  long  distances  by  gentle  aerial  movements  with- 
out sinking.  In  perfectly  still  air  inclosed  in  a  box  in  the  laboratory 

Tyndall  found  that  all  visible  dust  sank  within  three  days,  and  nutri- 
ent media  then  exposed  were  unaffected  by  bacterial  growths,  so  that 
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the  microorganisms  originally  present  must  have  settled  clown.  But  in 
nature  not  only  is  such  a  calm  unknown,  but  processes  are  continually 

taking  place  which  launch  fresh  organisms  into  the  atmosphere.  More- 
over, there  is  good  reason  to  suppose  that  several  disease  microbes  or 

their  spores  are  still  lighter  than  those  which  have  been  subject  to 
similar  experiments.  The  influenza  microbe  is  extremely  light.  Its 

length  has  been  given  at  50^00  ̂ ^^  its  breadth  at  a-sVo^o^  of  an  inch. 
Disease  microorganisms  have  in  the  laboratory  passed  from  room  to 
room  through  the  air,  and  accidentally  infected  animals  inoculated  with 
other  kinds.  Light  dust  falls  at  so  slow  a  rate  through  the  viscous  air 
that  even  in  a  room  the  downward  motion  is  scarcely  perceptible  5  yet 

in  a  few  hours  all  the  grosser  particles  are  deposited  if  drafts,  move- 
ment, and  shaking  of  the  room  are  prevented.  Most  pathogenic 

microbes  are  carried  down  with  this  dust  or  sink  of  their  own  gravity, 

and  soon  subside,  but  in  ordinary  conditions  there  is  too  much  dis- 
turbance to  permit  effective  purification  by  subsidence.  The  light  dust 

of  the  volcano  Krakatoa,  which  was  visible  as  a  haze,  took  a  year  to 
fall  even  out  of  the  rare  upper  strata,  and  many  disease  microbes  are 
equally  small,  and  fall  still  more  slowly  through  the  dense  strata  near 
the  ground.  Particles  of  smoke  may  perhaps  be  compared  with  the 
spores  of  bacteria,  and  tobacco  smoke  not  only  floats  long  in  the  air  of 
a  room,  but  passes  through  passages  and  through  chinks  into  rooms 
above  and  below. 

Among  animal  diseases  of  an  intensely  infectious  character  and  dis- 

astrous to  agriculture,  cattle  plague,  pleuropneumonia,  and  foot-and- 
mouth  diseases  are  perhaps  foremost.  Two,  at  least,  of  these  are  com- 

municated not  only  by  infected  articles,  but  by  transmission  through 
air  for  a  short  distance  of  particles  derived  from  an  actual  or  previous 
case.  These  diseases,  or  some  of  them,  have  formerly  been  widely  held 
to  come  from  some  unusual  epidemic  constitution  of  the  air,  but  they 
are  now  thoroughly  proved  to  be  preventable  by  the  admission  of 

plenty  of  external  air  and  rigid  precautions  against  contact  or  prox- 
imity of  infected  articles.  They  are  frequently  spread  by  attendants 

passing  from  one  herd  to  another  without  complete  systematic  disin- 
fection; frequently  also  by  imperfectly  disinfected  sheds,  l^o  animal 

plague  has  been  proved  to  be  capable  of  passing  efl'ectually  through  a 
long  stretch  of  atmosphere,  and  the  free  atmosphere  in  all  cases  tends 
to  diffuse  and  destroy  the  poison.  There  is  reason  to  regard  certain 
low  alluvial  lands  and  swamps  as  the  original  breeding  grounds  of  the 
saprophytic  microbes  which  cause  some  of  the  worst  animal  plagues, 
for  these  plagues  have  followed  immediately  the  subsidence  of  floods 
and  the  drying  up  of  marshes.  Since  the  neighborhood  of  these  places 
is  not  exempt,  the  organisms  concerned  must  be  capable  of  transport 
in  a  potent  state  for  a  short  distance  by  moist  air.  The  filthy  condi- 

tion and  foul,  unventilated  air  in  which  cattle  are  kept  have  also  been 
shown  to  be  the  cause  of  their  gravest  maladies.     Tuberculosis  iu 
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animals  depends  to  a  very  high  degree  upon  the  absence  of  proper  ven- 
tilation and  upon  proximity  to  each  other.  In  the  open  air  and  wild 

life  it  does  not  seem  to  occur.  It  has  been  well  ascertained  that  the 

microbes  of  cattle  plague  may  cling  so  persistently  to  infected  places 
that  whitewashing,  scraping,  and  ordinary  disinfection  may  be  insuffi- 

cient. Similarly,  tuberculosis  of  cattle  occurs  again  and  again  in  par- 
ticular stalls,  showing  that  the  infective  matter  remains  in  a  virulent 

condition  on  the  walls,  floor,  or  ceiling,  and  probably  infects  not  only 
by  contact,  but  through  air.  The  breath  of  the  animal  condensed  on 

the  walls  would  no  doubt  form  pabulum  for  the  increase  of  auy  rem- 
nants of  a  former  multitude  which  might  light  upon  them  or  emerge 

from  the  pores  of  the  material.  In  France,  epizootics  greatly  increased 
after  the  introduction  of  railways,  owing  to  emanations  from  and  con- 

tact with  incompletely  disinfected  cattle  trucks,  yards,  sheds,  etc.,  and 
the  diffusion  of  infectious  cases  by  increased  movement. 

INSUFFLATION   OF   ANTHRAX,  ETC. 

The  inbreathing  of  the  bacilli  of  cowpox,  anthrax,  clavelee,  and  sup- 
puration is  sufficient  to  give  each  of  these  diseases  to  sheep  and  cattle. 

But  there  is  no  evidence  to  show  that  any  animal  plague  is  transmissi- 
ble through  any  long  distances  of  air  or  by  the  general  atmosphere;  on 

the  contrary,  animals  are  in  thousands  of  instances  kept  within  a  mile 
or  less  of  others  which  are  stricken,  and  with  due  precautions  remain 
well. 

TUBERCULOSIS. 

Many  of  the  epizootic  diseases  which  occur  in  animals  may  be  trans- 
mitted to  men,  but  they  often  occur  in  a  modified  form  and  are  either 

more  or  less  severe.  Some  may  have  been  origiually  human  maladies. 

Fifteen  at  least  are  said  to  be  thus  interchangeable.  The  most  im- 
portant, widespread,  and  fatal  of  these  is  consumption,  phthisis,  or 

tuberculosis.  The  bacillus  tuberculosis  kills  about  1  in  8  of  the 

population  of  Great  Britain  and  America,  and  about  an  equal  propor- 
tion, one-seventh,  according  to  a  very  high  authority  (Hirsch)  of  the 

people  of  the  majority  of  other  civilized  countries.  It  is  the  greatest 
and  most  constantly  present  plague  of  man.  It  has  been  considered 

ineradicable,  constitutional,  hereditary,  and  attributed  by  many  author- 
ities to  some  vice  in  the  atmosphere.  Now,  we  know  that  it  is  a  nation- 
ally self-inflicted,  unnecessary,  and  i)reventable  pestilence,  of  which  the 

great  and  certain  propliylactic  is  pure  air  in  plenty;  no  foul  air,  foul 
dwellings,  and  overcrowding.  Overcrowding,  the  rebreathingof  expired 
air,  dirty,  dusty  dwellings,  moist  or  organically  polluted  walls,  floors, 
ceilings,  and  furniture,  and  the  careless  habit  of  spitting  account  for  a 
very  large  part^  perhaps  the  majority,  of  cases  of  consumption.  The 
breath  in  fetid  air,  the  emanations  from  cultures  of  the  bacillus  on  the 
walls,  curtains,  carpets,  etc.,  and,  most  potently,  the  dust  of  the  dried 
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sputum  itself  of  cousumptives,  may  infect  healthy  persons,  but  mostly 
those  who  have  some  tissue  delicacy  or  predisposition.  But  another 

very  common  cause,  especially  in  the  largely  fatal  tuberculosis  of  infants, 
is  the  use  of  milk  from  infected  cows.  Now,  these  cows  are  themselves 
diseased  through  media  very  similar  to  those  which  disarm  the  human 

subject,  rebreathed  foul  air  and  dirty  places 5  in  fact,  want  of  cleanli- 
ness, and,  above  all,  want  of  fresh  air. 

Well- ventilated  cow  sheds,  and  immediate  separation  of  sick  animals, 
prevent  the  spread  of  tuberculosis  among  cows;  thus  children  are 
saved  from  the  danger  of  tuberculous  milk.  The  breath  of  the  con- 

sumptive in  well-ventilated  rooms  may  be  considered  harmless. 
Animals  have  been  infected  by  breathing  the  dust  of  sputum  dissem- 

inated in  the  air,  and  no  doubt  the  same  mode  of  infection  is  very 
common  among  mankind,  but  only  in  close  association  with  the  sick  or 
in  stuffy  apartments.  The  State  board  of  health  of  Maine  has  issued 
valuable  instructions  to  prevent  the  practice  of  expectoration  except 
in  spittoons,  which  may  be  wooden  or  pasteboard,  and  should  either  be 
burned  daily  or  cleansed  with  boiling  water  and  jiotash  soap. 

The  reduction  of  consumption  by  such  means  and  by  better  regard 
for  ventilation  is  not  only  probable,  but  certain.  In  England  the  death 
rate  has  considerably  declined  with  sanitation.  From  1851  to  1860  it 
was  2,679  per  million  per  annum.  In  1888  it  was  1,541.  In  New 
Hampshire,  United  States,  the  deaths  from  the  several  diseases  named 
were  as  follows:  From  1884  to  1888,  consumption,  4,039;  diphtheria 

and  croup,  983;  typhoid,  750;  scarlatina,  187;  measles,  160;  a\  hoop- 
ing cough,  109;  smallpox,  2.  Here  the  very  large  proportion  of  deaths 

due  to  consumption,  and  the  importance  of  effecting  a  reduction,  are 
strikingly  shown;  but  a  similar  proportion  exhibits  itself  in  every 
thickly  inhabited  State,  both  in  Europe  and  America. 

Rooms  occupied  by  consumptives  should  be  periodically  disinfected 
and  always  kept  clean.  The  danger  is  there^  but  it  can  be  averted.  The 
experience  of  the  Brompton  Hospital  shows  that  Avith  proper  hygienic 
precautions  cases  of  infection  from  patients  are  very  rare.  Koch  has 
shown  that  enormous  multitudes  of  bacilli  may  be  distributed  on  the 
ground  and  in  the  air  from  only  one  patient,  and  how  infection  is 
exiDlained  by  their  long  survival  in  a  moist  or  dry  state.  Cornet 
showed  how  the  walls  and  carpets,  cornices,  etc.,  retain  them  still 
potentially  virulent.  Thus  certain  houses  remain  for  a  long  while 

centers  of  infection,  and  newcomers  are  attacked  out  of  all  propor- 
tion to  the  cases  among  neighboring  uninfected  dwellings. 

Prisons,  barracks,  etc.,  which  when  crowded  and  badly  ventilated 

were  very  fatally  affected  with  consumption  have  been  rendered  whole- 
some by  thorough  ventilation  and  greater  cleanliness.  Out  of  an 

average  prison  population  of  4,807  in  the  year  1890  in  England,  only 
9  died  of  phthisis,  excluding  cases  in  which  sick  prisoners  were 
removed  home. 
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Tlie  mortality  of  the  British  army  in  barracks  from  consumption  in 
the  ten  years  1837  to  184G  was  11.9  per  thousand.  After  the  report  of 
a  royal  commission  in  1858,  ventilation  and  air  space  were  greatly 
extended,  and  the  mortality  immediately  and  rapidly  fellj  in  1888  the 
consumption  rate  was  only  1.2  per  thousand. 

The  disease  prevails  more  on  wet,  cold,  clayey  ground  and  damj)  places 

'generally  than  on  high  and  dry  sites,  and  all  causes  of  chills  and  colds 
give  an  opportunity  to  the  infection  of  the  specific  bacilli  where  they 
are  present  in  sufficient  numbers  and  strength. 

Cold  countries  are  rather  less  subject  to  the  disease  than  temperate 
and  warm  climates,  but  everywhere  the  most  important  factors  are  the 

habits  of  the  people.  A  moist  atmosphere,  with  wide  daily  range  of  tem- 
perature, favors  its  prevalence.  In  Greenland,  Labrador,  Iceland,  Spitz- 

bergen.  Nova  Zembia,  Finland,  Siberia,  and  the  northern  j)arts  of  North 
America  the  disease  has  been  rare;  also  especially  on  mountain  ranges, 

high  plateaus,  and  little-visited  districts,  such  as  the  Soudan.  In 
Algeria  the  nomad  Arabs  were  free  from  it.  The  Bedouins  who 

exchange  their  tents  for  stone-built  houses  suffer  to  some  extent. 
Many  uncivilized  tribes  are  exempt  until  they  adopt  the  clothes  and 
way  of  living  of  civilization.  Outdoor  life  in  the  free  air,  and  clean, 
spacious  sleeping  quarters  almost  or  quite  annihilate  consumption  if 
animal  sources  are  excluded.  Soldiers  on  campaign,  fishermen,  hunters, 
engine  drivers,  gardeners,  and  farm  laborers  are  least  attacked ;  workers 
in  gritty  stone  or  metallic  dust,  in  hot,  close,  crowded,  and  damp 

rooms  or  factories  or  mines,  and  dwellers  in  damp  houses,  back- to- back 
houses,  and  close  courts  furnish  the  largest  number  of  victims.  In 
the  old  town  of  Havre,  with  its  airless,  narrow  streets,  the  mortality  is 
three  times  as  great  as  in  other  parts  of  the  town. 

It  has  been  shown  that  in  proportion  as  a  population,  male  and  female, 
is  drawn  to  indoor  occupations,  the  death  rate  from  consumption 
increases. 

An  elaborate  investigation  for  official  purposes  by  Dr.  Ogle  showed 
the  mortality  from  phthisis  and  lung  diseases  of  men  from  45  to  65 

years  of  age  working  in  pure  and  vitiated  air  in  England,  to  be  as  fol- 
lows: 

Pure  air : 

rishermen   

farmers   

Gardeners   

Agricnltural  laborers 

Confined  air : 

Grocers   

Drapers   

Highly  vitiated  air : 
Tailors   

Printers   

Phthisis. 
other 

luug  dis- 
eases. 

55 

45 

52 

50 

61 

56 
62 79 

84 59 

152 

65 

144 

94 
233 84 

Total. 

100 

102 

117 

141 

143 

217 

238 

317 
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Erom  these  figures  the  effect  of  the  breathing  of  foul  air  on  res- 
piratory diseases  is  conspicuous.  But  the  differences  represented 

would  have  been  much  greater  if  the  class  described  as  living  in  pure 
air  had  not  been  subject,  during  that  part  of  their  lives  which  was 
spent  within  doors,  to  the  bad  air  of  close  apartments  or  cabins,  and  to 
the  occasional  infection  of  places  of  assembly  and  resort. 

That  demonstrable  bacilli  are  given  out  by  the  breath  of  persons 
suffering  from  consumption  and  other  diseases,  has  been  proved  by 
Eansome  and  others.  The  possibility  was  doubted  by  Cornet  and 
other  authorities  on  the  grounds  that  nonvolatile  substances  cannot  be 
exhaled,  that  many  good  observers  have  failed  to  find  them,  and  that 
where  observed  errors  may  have  crept  into  the  experiments.  But 
Cornet  himself  has  shown  that  the  bacilli  are  exhaled  in  small  numbers 

by  patients,  and  that  they  and  their  spores  are  given  off  in  great  num- 
bers from  handkerchiefs,  bed  linen,  furniture,  floors,  etc.,  of  rooms  in 

which  consumptive  persons  live. 
Klein  has  shown  that  guinea  pigs  exposed  to  a  spray  of  tubercular 

matter  in  the  air,  or  else  kept  in  the  shaft  of  a  ventilator  in  a  consump- 
tion hospital,  acquire  the  disease.  It  has  been  proved  by  Straus  that 

nurses  of  consumptive  patients  have  tubercle  bacilli  deposited  on  their 

breathing  organs.  These  last  experiments  are  not  proofs  of  the  exha- 
lation of  the  fatal  microbes.  But  we  have  the  most  convincing  proof 

in  everyday  facts  of  the  possibility  of  the  exhalation  of  the  bacilli  or 
germs  of  several  infectious  maladies.  The  breath  is  one  of  the  most 
common  vehicles  of  transference  of  infection  from  person  to  person. 
Moreover,  Eansome  finds  much  indiffusible  organic  matter,  such  as 
epithelial  scales,  in  the  condensed  aqueous  vapor  of  the  breath.  The 
breath  of  consumptives,  however,  contains  very  few  bacilli,  and  the 
particles  of  sputum  which  fall  from  the  mouth  in  expectoration  or  in 
speaking  are  more  dangerous. 

Tuberculosis  has  been  produced  in  animals  by  causing  them  to  inhale 
air  vitiated  by  subjects  of  phthisis.  Glass  slides,  wetted  with  glycerin, 
show  the  presence  of  tubercle  bacilli  in  the  air  of  consumption  hos- 

pitals. Tuberculous  particles  inhaled  are  found  to  be  more  capable  of 
infecting  than  particles  swallowed.  The  air  does  not  often,  at  any  rate, 
convey  infection  from  the  mere  breath  of  a  patient  in  an  ordinary  clean 
room,  and  the  temperature  must  be  rather  high  to  maintain  the  vitality 
of  the  germ.  In  hot  climates,  under  similar  conditions,  the  danger  is 
greater,  but  generally  the  better  ventilation  reduces  it. 
Consumption  and  leprosy  are  caused  by  similar  microbes,  and  have 

much  in  common  in  their  behavior.  In  phthisis  the  contaminated  air 
conveys  the  bacillus  to  the  air  passages,  and  in  scrofulous  glands  to  the 
nearest  sore;  in  lei^rosy  the  exposed  parts,  hands,  face,  and  feet,  which 
have  received  some  scratch  or  wound,  are  first  attacked.  As  leprosy 
has  been  got  rid  of  not  only  by  improved  conditions  of  living,  but  by 
segregation  of  the  victims,  so  consumption  and  tuberculosis  will  be 
exterminated  wherever  the  utmost  care  is  taken  in  providing  for  fresh 
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air,  good  and  well-cooked  food,  clean  dwellings  and  clean  byres,  and  in 
segregating  or  specially  controlling  and  caring  for  affected  individuals. 

Close  courts,  back-to-back  houses,  damp  cottages,  tuberculous  meat  and 
milk,  overcrowding,  and  dusty  occupations  in  heated  air  deserve  either 
total  condemnation  or  most  rigid  precautions.  Rooms  should  be  con- 

structed so  as  to  be  easily  and  frequently  cleaned  and  constantly  aired. 
The  habit  of  wetting  envelopes,  ledger  pages,  etc.,  from  the  mouth 
should  be  i^rohibited.  ̂ Notification  of  cases  should  be  required  as  in 
other  infectious  diseases.  Light,  air,  space,  exercise,  and  cleanliness 
should  be  made  easy  of  attainment  and  common  to  every  human  being. 

TYPHUS. 

Another  disease  intimately  associated  with  bad  air  and  with  crowded 
dwellings  is  typhus.  It  does  not  arise  at  all  among  persons  living  in 

the  open  air  and  in  well- ventilated  rooms,  but  spreads  with  fatal  effect 
in  the  crowded,  dirty  apartments  of  the  poor,  in  filthy  jails,  ships,  and 
lodging  houses.  The  disease  was  formerly  very  destructive  in  England, 
infesting  the  prisons,  and  was  sometimes  communicated  to  judges  and 

lawyers  into  whose  i)resence  prisoners  were  brought;  but  better  con- 
ditions of  living,  greater  cleanliness,  and  more  regard  for  ventilation 

have  resulted  in  its  almost  complete  extermination.  So  sensitive  is  the 
microbe  to  fresh,  air  and  disturbance  of  foul  surfaces  that  the  crowding 

and  dirt  which  remain,  bad  as  they  are,  are  scarcely  sufficient  to  main- 
tain its  virulence.  Typhus  is  not  conveyed  far  by  the  air,  and  as  a  rule 

only  infects  those  who  are  very  near  to  the  victim.  All  the  staff  of  the 
Fever  Hospital,  in  London,  were  attacked  at  some  time  through  this 

infection,  but  during  eight  years  no  case  occurred  among  the  staff' of 
the  Smallpox  Hospital,  which  was  in  close  proximity.  Even  the  attend- 

ants in  typhus  wards  run  little  risk  when  these  are  spacious,  well  venti- 
lated, and  not  overcrowded.  Poisonous  microbic  emanations  from  the 

lungs  and  skin  are  thus  in  an  almost  incredible  space  of  time  rendered 
harmless  by  the  action  of  fresh  air. 

The  winter  has  generally  been  the  season  of  greatest  prevalence  of 
typhus,  owing  probably  to  the  greater  distress  and  crowding  in  the  cold 
months.  The  infection  remains  for  some  time  on  clothing,  walls,  etc., 
so  that  the  air  does  not  apparently  disinfect  or  destroy  where  the 
organism  has  sufficient  moisture  and  nourishment. 

THE   PLAGUE. 

The  plague,  a  very  severe  pestilence  which  has  been  common  in  the 

East  and  in  Korth  Africa,  and  has  visited  Europe  with  the  most  appall- 
ing mortality,  arises  in  districts  where  filth  abounds  to  the  most  extent, 

where  dwellings  are  overcrowded,  and  where  famine  and  undernourish- 
ment are  frequent.  It  is  both  miasmatic  and  contagious.  In  1603  it 

hardly  ever  entered  a  house  but  it  seized  all  living  there.  Prolonged 
breathing  of  the  sick-room  air  was  the  most  effectual  means  of  infection. 
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A  moderately  high  temperature  is  most  favorable  to  the  breeding  of 

this  pest;  above  86°  F.  it  declines.  Moist,  alluvial  soils;  the  banks  of 

great  rivers,  such  as  the  Kile  and  Euphrates;  a  warm,  humid  air;  great 

accumulations  of  putrefying  animal  and  vegetable  matter  in  the  vicin- 

ity of  dwellings;  dwellings  surrounded  by  heaps  of  manure  and  almost 

hermetically  sealed — these  are  conditions  favorable  to  the  growth  of 

plague.  Once  started,  it  spreads  by  infection  much  after  the  manner  of 

typhus.  Care  for  the  purity  of  air  in  and  around  dwellings  abolishes 

plague  altogether,  as  has  been  proved  locally  in  the  Himalayas  and 

generally  in  the  retrogression  of  the  disease  from  Europe. 

CHOLERA. 

Cholera  is  to  a  great  extent  a  disease  of  air  poisoning.  It  arises 
from  the  soil  in  certain  districts  of  India,  where  it  is  endemic,  and  from 
which  it  occasionally  has  the  opportunity,  through  favoring  climatic 
influences  and  the  movements  of  travelers,  of  invading  temperate 

regions,  in  which  it  may  cause  great  mortality  in  a  few  seasons,  but 
can  hardly  establish  itself  permanently  in  the  soil  or  water.  It  does 
not,  as  was  long  supposed,  travel  from  place  to  place  through  the  air, 
and  has  no  epidemic  existence  beyond  its  breeding  places  apart  from 
human  agency.  The  cholera  microbe,  the  comma  in  all  probability, 
thrives  in  a  damp,  organically  polluted  soil,  such  as  that  of  the  delta 

of  the  Ganges  and  the  flat  lands  around  Madras,  Bombay,  and  Shang- 
hai; of  the  valleys  of  the  Brahmaputra,  the  Kerbudda,  the  Tapti,  the 

Indus,  and  the  Euphrates,  and  in  a  temperature  of  from  25°  to  40°  C. 
In  the  delta  of  the  Ganges  the  temperature  of  soil  and  air  appears  to 
be  so  favorable  that  it  never  dies  down ;  at  Shanghai  it  regularly  infects 
the  air  and  water  after  the  heat  of  July  and  August.  It  is  aerobic.  A 
freezing  temperature  prevents  its  growth,  but  does  not  destroy  it.  Kept 
moist,  it  may  live  for  months  after  growth  has  ceased;  dried  for  a  few 
hours,  it  dies.  In  temperate  climates  it  is  spread  by  the  entrance  into 
water  and  air  of  the  organisms  derived  from  growth  in  the  dejections 
of  cholera  patients,  some  cases  being  only  recognized  as  diarrhea,  but 
still  being  capable  of  spreading  the  poison.  The  destruction  of  the 

dejecta  is,  therefore,  the  safeguard  in  all  cases.  The  power  of  exten- 
sion of  cholera  through  the  air  alone  in  the  neighborhood  of  cholera 

patients  where  due  hygienic  precautions  are  observed  is  very  small, 
but  every  article  used  must  be  washed  or  sterilized.  The  general 
atmosphere  does  not  convey  it  either  from  person  to  person  or  from  soil 
to  soil,  unless,  possibly,  in  rare  cases  and  for  a  short  distance.  In  fact, 
free  air,  unless  very  humid,  soon  kills  it.  The  atmosphere  of  the  Gan- 
getic  delta,  the  chief  endemic  area  of  cholera,  is  remarkably  damp. 
There  are  probably  a  number  of  places  in  India  where  the  soil  is  to 
some  extent  infected,  but  where  mischief  arises  only  in  certain  seasons. 

The  conditions  of  soil  and  air  favorable  to  the  growth  and  exhala- 
tion of  the  cholera  germ  may  be  concisely  summed  up  as  follows; 
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Permeability  of  soil  to  air,  moisture  of  soil  not  excessive,  average  soil 

heat  at  6  feet  deep  about  79^,  a  moderate  amount  of  contained  organic 
matter,  and  little  putrefaction  or  ordinary  decomposition-  mean  annual 
temperature  of  air  about  72°  F.  The  minimum  water  level,  otherwise 
the  maximum  oi  soil  ventilation,  and  the  maximum  of  cholera  coincide. 
Dry  or  saturated  soil  are  unsuitable  for  the  continuous  growth  of  the 
bacillus. 

DIARKHEA. 

In  an  inquiry  conducted  about  thirty-five  years  ago^  regarding  the 
prevalence  of  diarrhea,  a  disease  which  in  England  is  fatal  to  very 
large  numbers  of  children,  it  was  found  that  there  are  districts  in 
which  endemic  diarrhea  is  unknown,  and  others  in  which  it  prevails 
extensively  every  year.  The  excess  of  mortality  coincided  in  all  cases 
with  one  of  two  local  conditions,  the  tainting  of  the  atmosphere  with 
the  products  of  organic  decompositiou,  especially  human  excrement,  or 
the  habitual  drinking  of  impure  water.  Since  the  time  of  the  report  a 
large  amount  of  evidence  has  accumulated  Avhich  goes  to  prove  that 
summer  or  infantile  diarrhea  is  caused  by  the  infection  of  air  and 
food  by  emanations  from  a  damp  organically  contaminated  soil  raised 
above  a  certain  temperature.  Houses  built  on  or  near  a  subsoil  con- 

taining decomposing  organic  matter,  or  where  sewers  leak,  are  particu- 
larly subject  to  diarrhea.  The  nature  of  the  soil  is  important.  Sand, 

loose  fine  gravel,  deep  mold,  and  permeable  soils  generally,  where 
organic  matter  is  abundant,  are  productive  of  the  disease;  houses  built 

upon  rock,  without  fissures,  are  generally  altogether  exempt.  ''Made 
ground,"  containing  organic  rubbish,  on  which  so  many  houses  in  the 
outskirts  of  large  towns  are  built,  emits  products  of  decomposition  into 
the  interior  of  houses  and  is  a  fruitful  source  of  suffering.  The  prac- 

tice of  burlding  on  rubbish  heaps  should  be  made  a  criminal  offense. 
The  absence  of  free  ventilation  within  and  around  houses  greatly 

increases  the  mortality  from  this  cause.  Deei:>  drainage  has  been  fol- 
lowed by  a  marked  fall  in  the  prevalemie  of  the  disease.  Paving, 

impervious  flooring  in  houses,  cleanliness  in  the  storage  of  food,  with 
ventilation,  are  important  measures  for  its  reduction.  Purity  of  air, 
indeed,  in  this  as  in  so  many  other  cases,  is  the  remedy  to  be  sought. 

Diarrhea  in  the  epidemic  form  arises  under  conditions  very  similar 
to  those  of  cholera.  It  may  be  in  fact  a  very  near  relation  of  that 
microorganism,  but  is  milder  in  its  effects  and  has  the  quality  of 

developing  at  lower  temperatui-es.  When  polluted,  damp  soil  at  3  or 
4  feet  deep  reaches  about  dG^  to  60°  C,  as  it  generally  does  in  England 
in  June  or  July,  the  cases  of  diarrhea  mount  up  rapidly,  for  the  diar- 

rheal microbe  is  then  multiplying  in  the  subsoil  and  emerging  through 
the  upper  stratum,  and  may  indeed  be  develoi)ed  in  decaying  organic 
matter  on  the  surface.  Settling  upon  articles  of  food  and  drink,  such 
as  vegetables,  water,  and  milk,  it  multiplies  and  develops  the  poison 

1  Second  Report  to  tlie  Privy  Council,  London,  1859. 
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which  beloDgs  to  fungoid  growth.  When  ingested  with  food,  and  even 
when  breathed  with  the  air,  it  causes  the  disease.  The  air  of  that 

part  of  a  town  which  was  subject  to  diarrhea  has  been  proved  to  con- 
tain germs  which  cause  the  disease,  and  to  contain  2,000  to  7,000  bac- 
teria and  micrococci  in  the  cubic  meter.  The  deaths  in  this  part  of 

tlie  town,  containing  one-third  of  the  population,  were  216  out  of  a 
total  of  256.  The  remedies  for  diarrhea  are  principally  draining  the 
ground  to  a  considerable  depth,  leaving,  ventilation  of  dwellings  and 
of  places  where  milk  and  food  are  kept  with  air  from  some  height  above 

ground,  cleanliness  generally,  and  a  good  water  supply.  Cows,  farm- 
yards, and  dairies  need  similar  attention.  Diarrhea  is  much  less 

common  among  the  Irish  population  of  large  towns,  owing  to  their 
infants  being  almost  invariably  suckled  by  their  mothers  and  not 
from  the  bottle. 

The  general  air  soon  nullifies  the  danger  from  strata  near  the 

infected  gronnd,  and  the  germ  seems  to  be  incapable  of  enduring  con- 
veyance in  a  potent  state  through  any  considerable  distance  in  the  free 

atmosphere. 
TYPHOID   FEVER. 

Typhoid  fever,  like  cholera  and  diarrhea,  depends  to  a  great  extent 
on  the  growth  and  cultivation  in  neglected  human  refuse  by  human 

agency  (unwilling  but  effectual)  of  germs  which  thrive  in  damp,  pol- 
luted soil  or  in  foul  water.  Warmth  and  exclusion  from  free  air  favor 

the  development  of  the  bacillus,  supposed  to  be  the  cause  of  typhoid. 
It  can  grow,  however,  in  the  presence  of  free  oxygen,  and  then  develops 
the  saprophytic  habit  and  great  resistant  power.  In  direct  sunlight  it 
is  killed  in  six  to  seven  hours,  and  in  diffuse  daylight  growth  is  very 
slow.  The  mode  of  entrance  of  typhoid  is  both  through  air  and  water 
contaminated  with  the  products  of  the  intestinal  discharges  of  persons 
sick  with  the  disease. 

During  twenty  years  preceding  1883,  the  average  annual  number 
of  persons  who  died  of  typhoid  in  England  was  about  13,000,  the 
number  of  those  who  suffered  from  it  about  130,000.  In  many  conti- 

nental cities,  the  proportion  is  much  higher.  Although  bad  water 
accounts  for  a  large  number  of  cases,  bad  air,  the  emanations  from 
drains  through  defective  traps  and  waste  pipes,  also  infects  in  very 
many  instances.  Kecent  experiments  of  great  interest  have  shown 
that  sewer  air  is  capable  of  so  poisoning  the  system  as  to  lay  it  open 
to  the  attacks  of  the  tyi)hoid  bacillus,  which  is  doubtless  frequently 
present  either  in  the  foul  air  or  in  the  intestines.  In  this  way  many 
outbreaks  are  caused  by  the  combined  influence  of  drain  air  and  spe- 

cific microbes.  The  condition  of  farmyards  near  dairies  whence  milk 
is  supplied  to  cities  is  too  often  so  filthy  that  both  air  and  water  are 
poisoned.  Milk  has  a  remarkable  power  of  absorbing  gases  and  vapors, 
and  is  also  a  cultivating  medium  of  various  fungi  and  bacteria. 
Typhoid  germs^  like  so  many  others,  are  soon  rendered  innocuous  by 
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mixture  with  fresh  air,  aucl  there  is  some  evidence  to  show  that  oxida- 
tion by  the  air  in  running  water  has  a  good  effect  where  the  noxious 

matter  is  largely  diluted  and  the  stream  pure.  In  London,  ̂ ew  York, 

Paris,  Berlin,  and  perhaps  the  majority  of  places  in  the  northern  tem- 
perate zone,  typhoid  fever  is  most  prevalent  in  the  late  summer  or 

autumn,  when  tlie  ground  at  a  little  depth,  and  water  in  shallow  wells, 
are  at  their  highest  temperature.  In  India  it  occurs  mostly  in  the  hot, 
dry  mouths  beforo  and  after  the  rains,  and  may  in  part  be  attributed 
to  the  wind  blowing  up  the  dust  of  filth  deposited  in  the  fields,  but 

chiefly  to  the  same  conditions  as  prevail  in  England  and  to  the  intro- 
duction of  the  virus,  often  from  slight  and  unsuspected  cases. 

The  great  majority  of  houses  in  civilized  places  resemble  inverted, 
slightly  ventilated  bell  jars,  connected  with  a  system  of  i^ipes  on  which 
deadly  organisms  may  grow,  and  from  which  they  may  be  conveyed  by 

the  poisonous  gases  to  the  bodies  of  the  inmates.  It  should  be  a  pri- 
mary object  to  make  the  entrance  of  these  gases  difficult  and  of  tlie 

outer  air  easy.  The  bacillus  concerned  in  typhoid  fever  is  probably 

widelj^  diffused,  but,  whether  often  present  or  not  in  an  innocuous  form 
in  the  human  intestines,  does  not  attack  life  where  air  and  diet  are  pure. 
With  the  aid  of  impure  air  from  drains,  middens,  and  foul  sinks  it 
acquires  deadly  power.  Cleanly  disposal  of  refuse  and  abundance  of 
fresh  air  are  the  great  securities  against  this  disease. 

MALARIA. 

Malaria  is  the  most  general,  constant,  and  destructive  of  endemic 
diseases  in  tropical  climates  and  over  a  very  large  proportion  of  the 
inhabited  globe.  Millions  die  of  it  every  year  in  India,  and  in  Africa 
and  South  America  it  is  terribly  prevalent  and  fatal.  Yast  numbers  ;)f 
people  are  crippled  and  diseased  for  life  in  consequence  of  the  fever, 
and  in  many  districts  the  whole  population  looks  debilitated  and  ansem  ic. 
It  depends  on  the  emission  of  living  organisms,  probably  amoebiform, 

from  warm,  damp  soil,  rich  mold,  sand,  or  other  suitable  ground  con- 

taining a  little  organic  matter.  It  haunts  open  and^narrow  valleys, 
dried  water  courses,  the  country  at  the  foot  of  many  mountain  ranges, 
sandy  coasts  in  certain  climates,  mangrove  swamps,  deltas,  marshes, 

and  even  in  certain  districts  dry,  sandy  plains  at  a  considerable  eleva- 
tion. The  organism  appears  to  exist  either  in  an  active  or  latent  form 

in  nearly  all  hot  countries  where  the  soil  contains  sufficient  organic 
matter,  and  that  need  not  be  much.  Where  soil  is  efficiently  drained, 
naturally  or  artificially,  malaria  is  rare  or  absent  5  and  where  irrigation 
works  increase  the  dampness  of  the  soil,  there  also  malaria  increases 
or  develops  itself.  Cultivation,  with  the  exception  of  rice  growing, 
in  general  diminishes  or  abolishes  malaria  within  the  area  cultivated. 
Lowering  of  the  water  level  and  aeration  of  the  soil  reduce  malaria 
notably.  Drainage  in  East  Anglia  has  almost  extmguished  ague,  which 
is  a  similar  or  the  same  disease.     Some  sandy,  semidesert  districts,  such 
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as  Western  Rajpootana,  are  subject  to  malaria,  altliough  the  water  is 
several  hundred  feet  below  the  surface.  But  here  the  sand  is  found  to 

be  damp  a  short  distance  below  the  surface,  and  probably  the  same 
condition  prevails  elsewhere  in  sandy  tracts  where  malaria  is  present. 
The  rainfall  is  scanty,  but  the  great  range  of  temperature  probably 

causes  a  good  deal  of  dew-condensation  on  the  sand. 
Sometimes,  though  rarely,  rocky  surfaces  emit  malaria,  but  probably 

the  habitat  of  the  organisms  in  these  cases  is  in  clefts  or  disintegrated 
rocky  detritus.  The  efficiency  of  attack  on  the  human  body  depends 
in  great  measure  on  the  concentration  of  the  organisms  within  a  few 
feet  of  the  surface  of  the  earth  in  the  eveniug  hours,  the  difference 
between  day  and  night  temperature,  the  high  temperature  of  the  soil, 

and  the  suddenness  of  the  fall  of  temperature.  Although  the  strong- 
est  men  in  the  best  of  health  may  be  stricken,  yet,  in  most  malarious 
countries,  the  avoidance  of  fatigue,  of  indigestion,  and  of  any  chilliiig 
of  the  surface  of  the  body,  is  an  important  safeguard.  The  conditions 
in  which  malarious  germs  are  emitted  from  the  soil  and  concentrated 
in  the  nethermost  strata  of  the  air  are  further  considered  in  relation  to 

the  emanation  of  vapor  from  the  earth  and  the  deposition  of  dew. 

YELLOW  PEVER. 

Yellow  fever  results,  in  all  x)robability,  from  a  fungoid  or  microbic 
growth,  but  the  particular  microbe  concerned  has  not  been  certainly 
identitied.  It  prevails  habitually  in  the  West  Indies  and  on  the  coasts  of 

the  Gulf  of  Mexico,  and  these  have  been  regarded  as  the  original  breed- 
ing grounds.  But  it  has  also  long  been  endemic  on  the  west  coast  of 

Africa,  especially  at  Sierra  Leone.  It  is  easily  capable  of  transporta- 
tion, especially  in  the  case  of  particular  outbreaks  and  in  particular 

seasons,  and  it  has  in  several  years,  like  cholera,  attained  almost  a 

world-wide  prevalence.  When  transplanted  to  favorable  places  (and 
these  are  mostly  seaports  with  very  poor  sanitary  conditions)  it  takes 
root  and  breaks  out  in  succeeding  years  as  if  it  were  multiplying  on 
the  polluted  soil.  As  a  matter  of  fact,  it  thrives  on  damp  organically 
contaminated  soil,  on  the  walls  of  houses,  and  on  the  wood  of  shii^s,  in 

foul  holds.  It  haunts  the  vicinity  of  drains,  banks  of  rivers  occasion- 
ally dry,  harbors,  and  crowded  rooms  or  houses.  The  manner  of  its 

growth  a  good  deal  resembles  that  of  cholera,  but  its  areas  of  preva- 
lence are  smaller,  and  it  is  more  largely  communicated  through  the  air, 

each  case  of  yellow  fever  becoming  a  focus  of  prevalence  in  tropical 

and  foul  conditions.  It  requires  a  high  temperature  for  its  propaga- 
tion, and  is  arrested,  but  not  destroyed,  by  frost.  Strangers  are  much 

more  liable  to  attack  than  residents,  but  residents  are  not  always 
immune.  The  living  cause  of  the  disease  clings  with  great  tenacity 
to  ships,  walls,  etc.,  for  a  long  time,  and  is  conveyed,  in  very  many 
instances,  by  tlie  air  to  persons  who  approach  the  infected  object.  The 

organic  poison  seems  to  multiply  outside  the  body,  ujyon  foul  surfaces, 
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and  thence  to  infect.  It  is  not  transported  by  the  wind — at  any  rate 
to  a  distance — bnt  depends  on  human  movements,  on  overcrowding, 
neglected  refuse,  and  absence  of  proper  ventilation.  It  seems  j)robable, 
from  its  persistence  on  the  coast,  on  the  banks  of  tidal  rivers,  and  on 

ocean-going  ships,  that  it  finds  a  favorite  pabulum  in  slightly  saline 
deposits. 

DIPHTHERIA. 

Diphtheria,  now  one  of  the  most  fatal  maladies  of  children,  both  in 
Europe  and  America,  is  equally  preventable  by  purity  of  air ;  but  since 
it  is  commonly  caught  by  infection,  and  susceptible  persons  are  attacked 
through  slight  doses,  absolute  jjrevention  is  difificult.  Its  propagation 
depends  to  a  great  extent  on  schools  and  close  aggregations  of  children, 
some  of  whom  may  be  affected  by  the  disease  in  a  mild  form,  such  as 
slight  sore  throat.  Some  cases  arise  from  a  disease  of  the  cow,  which 
is  not  easily  identified,  but  the  great  majority  of  cases  of  the  disease 
are  certainly  due  to  the  emission  into  confined  air  of  the  microbes  from 
persons  already  suffering  with  sore  throat  or  diphtheria,  and  therefore 
the  great  majority  of  cases  would  not  occur  if  schools  and  dwelling 
houses  were  well  cleansed  and  ventilated,  and  if  children  with  sus- 

pected throats  were  as  far  as  possible  isolated.  The  gradual  groAvth 
of  diphtheria  in  villages  and  towns  and  its  frequent  recurrence  indi- 

cate an  infection  of  the  air  in  houses  either  from  a  contaminated  sur- 

face soil,  from  floor  or  walls,  or  from  the  breath  of  persons  who  have 
had  the  disease  and  in  whose  throats  the  microbe  lingers  after  their 
recovery.  Diphtheria  does  not  occur  at  all  in  clean,  dry  places,  unless 
introduced  by  some  person  or  imported  article  carrying  the  infective 
organism.  The  germ  is  certainly  not  present  in  a  potent  condition  in 

the  outer  air.  ]S"ewly  inhabited  countries  and  places  have  always 
remained  free  from  diphtheria  uotil  the  germ  has  been  introduced  by 
human  agency. 

Diphtheria  and  scarlet  fever  are  among  the  most  widely  and  con- 
stantly i)revalent,  and  most  fatal,  of  all  diseases  in  temi:)erate  climates. 

They  are  both  communicable  through  the  air  in  proximity  to  a  patient, 
and  this  is  a  very  common  mode  of  conveyance.  But  they  have  never 
been  known  to  pass  across  any  considerable  space  through  the  outside 
air.  The  evidence  leads  very  strongly  to  the  conclusion  that  they  are 
rarely  if  ever  caught  by  exposure  to  infected  air  which  has  been  very 
largely  diluted  in  the  free  atmosphere.  Predisposition  to  diphtheria, 
and  iDrobably  to  a  less  extent  to  scarlet  fever,  is  favored  by  drain  air, 

sewer  air,  and  the  emanations  from  heaps  of  decaying  animal  or  vege- 
table matter,  dust  heaps,  and  by  the  various  causes  of  sore  throat. 

And  it  is  probable  that  the  microbe  of  diphtheria,  which  has  been  iden- 
tified, frequently  infects  the  surfaces  whence  the  foul  emanations  pro- 

ceed. It  is  certainly  present  in  very  many  places,  especially  in  houses 
and  localities  where  the  disease  has  formerly  prevailed.  Measles  are 
often  followed  by  diphtheria,  though  no  source  of  infection  can  be 



ATMOSPHERE  IN  RELATION  TO  HUMAN  Lll^E  AND  HEALTH.  65 

discovered.  Many  persons  after  recovering  from  diplitlieria  are  still 
capable  of  giving  infection  by  the  breath,  for  the  bacillus  may  remain 
for  months  in  the  mouth  and  throat.  Cases  of  sore  throat  which  may 

be  slight  often  communicate  to  other  persons,  in  consequence  of  aggre- 
gation in  foul  air,  severe  sore  throats  and  diphtheria.  It  seems  that 

the  disease  may  be  a  slight  one  until  by  the  effects  of  rebreathed  air  it 

develops  fatal  virulence.  For  this  reason,  and  owing  also  to  the  oppor- 
tunities of  ordinary  infection  in  confined  air,  diphtheria  is  a  disease 

which  largely  dei)ends  on  schools  for  increase  and  propagation.  It 
haunts  the  surfaces  of  objects  which  have  been  exposed  to  it,  and 
thorough  disinfection  is  required  to  remove  it.  The  autumn  and  winter 
season,  damp  dwellings,  damp  soil,  dirty  farmyards,  privies,  etc.,  favor 
its  development;  but  its  continual  increase  has  been  due  to  increased 
school  attendance,  meetings,  etc.,  and  to  the  increase  in  the  number  of 
infected  places,  and  in  the  means  of  quick  traveling.  Ventilation,  much 
more  thorough  than  any  now  generally  practiced,  combined  with  the 
better  disposal  of  refuse,  must  be  the  principal  hygienic  measure  to 
reduce  its  prevalence.  Investigation  of  the  conditions  under  which  it 
survives  in  places  and  houses,  and  of  the  effect  of  ventilation  and  proper 
space  in  schools  in  preventing  its  propagation,  is  much  needed. 

PNEUMONIA. 

Two  or  more  different  diseases  are  known  under  the  name  of  pneu- 
monia. The  temperature  of  the  air  is  an  important  factor  in  its  pro- 
duction, but  all  countries  are  subject  to  it.  The  maximum  number  of 

deaths  from  this  infection  occur  in  December,  the  minimum  in  August. 

Cold  is  a  strong  predisposing,  but  not  the  ultimate  cause.  Overcrowd- 
ing, the  want  of  ventilation,  emanations  from  sewer  and  filth,  play  an 

important  part  in  epidemic  outbreaks.  Certain  bacilli  or  micrococci 
are  concerned  in  the  production  of  epidemic  pneumonia,  and  possibly 
the  commonest  form  of  pneumonia  is  due  to  the  opportunity  given  by 

cold  or  by  foul  gases  for  the  attack  on  the  body  of  an  organism  fre- 
quently present  in  the  breathing  organs.  There  is  little  evidence  as  to 

the  exemption  of  ijersons  living  entirely  in  the  open  air  and  thoroughly 

well- ventilated  dwellings,  and  not  exposed  to  infection  from  others,  but 
the  probability  appears  to  be  that  many  persons  have  in  themselves  a 
cause  of  a  certain  sort  of  pneumonia  which  may  attack  them  through  a 
chill,  but  that  the  breathing  of  purer  air  and  the  prevention  of  infection 
through  the  breath  would  greatly  reduce  the  number  of  victims.  The 
typhoidal  character  of  some  forms  of  pneumonia  and  their  mode  of  origin 
and  spread  suggest  a  connection  with  soil  poisoning  and  contamination 
of  superjacent  air.    On  these  points  investigation  is  needed. 
Pneumonia  is  very  apt  to  occur  after  colds,  measles,  typhoid,  malaria, 

and  especially  influenza.  If  it  be  due  to  a  particular  micrococcus,  the 
organism  must  be  very  widely  disseminated.  But  probably  several  dif- 

ferent organisms  are  capable  of  thus  affecting  the  weakened  constitution, 
230a   5 
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and  tlie  disease  named  pneumonia  is  the  result  of  diiferent  causes  whicli 
need  more  distinct  classification  than  they  have  yet  received. 

Dusty  trades  and  smoky  fogs  favor  the  incidence  of  pneumonia. 

BRONCHITIS. 

Bronchitis,  one  of  the  most  prevalent  and  fatal  of  all  diseases  in  cold 
and  temperate  climates,  is  often  directly  due  to  the  effect  of  cold  and  of 
a  sudden  fall  of  temperature.  Although  much  less  common  and  fatal 
among  people  living  in  healthy  conditions,  it  nevertheless  often  attacks 

strong  constitutions,  even  in  the  purest  atmosphere.  Fatigue  predis- 
poses. A  great  deal  of  preventable  bronchitis  results  from  imprudence 

in  clothing  and  in  diet — for  instance,  alcoholic  excess — but  much  also 

from  breathing  dusty  and  smoky  air.  A  smoky  fog  of  some  days'  dura- 
tion in  cold  weather  in  London  causes  a  heavy  mortality,  Trhile  a  fog  in 

the  country  has  little  effect.  Much  bronchitis  results  from  weakness  and 

chill  following  illness  and  fatigue.  Changes  in  the  blood  and  accumu- 
lation of  waste  products  are  apt  to  follow  excessive  exertion.  The 

importance  of  warm  clothing  and  of  breathing  air  free  from  gmoke  and 

dust,  especially  the  dust  given  off  in  the  manufacture  of  hardware,  pot- 
tery, lead  mining,  etc.,  is  great  in  the  prevention  of  this  disease.  Close 

rooms  where  gas  is  burned  contribute  largely  to  bronchial  attacks,  and 

in  general  purity  of  air  is  one  of  the  first  conditions  tending  to  immu- 
nity. But  cold  and  damp  seem  to  be  quite  sufficient  to  produce  bron- 
chitis in  some  constitutions,  and  in  young  children  and  old  people, 

apart  from  anything  like  infection  from  outside.  Indeed,  it  seems  likely 
that  an  excess  of  ozone,  or  else  a  cold,  bracing  air,  often  determines 
an  attack,  and  these  qualities  are  beyond  doubt  sufficient  greatly  to 
exacerbate  symptoms  resulting  from  a  slight  cold  or  chest  weakness. 
A  soothing,  soft,  warm,  damp  air,  on  the  contrary,  quickly  ameliorates 
the  condition  of  a  sufferer  from  bronchitis,  cold,  or  cough  j  the  extraor- 

dinary power  of  a  whiff  of  cool,  fresh  air  to  increase  the  malady,  and 

the  ill  effect  of  even  a  glass  of  cold  water,  seem  to  show  that  the  bron- 
chial tubes,  capillaries,  and  air  passages  are  in  a  highly  sensitive  state 

and  that  temperature  is  a  matter  of  extreme  importance.  Experimental 
investigation  of  the  temperature  and  condition  of  air  most  tending  to 
rapid  recovery  from  bronchitis  might  disclose  facts  of  importance  in 
the  connection  of  inflammatory  states  with  the  atmosphere.  It  seems 
not  unlikely  that  an  absence  of  ozone,  deficiency  of  oxygen,  and  excess 
of  vapor  of  water,  and  of  nitrogen  or  carbon  dioxide,  might  prove 
favorable. 

RHEUMATISM  AND  RHEUMATIC  FEVER. 

Few  diseases  are  more  common  or  cause  more  suffering  than  rheu- 
matism, acute  or  chronic.  A  great  deal  has  still  to  be  discovered 

respecting  its  external  causes.  It  prevails  much  more  in  some  districts 
than  in  others,  and  certainly  in  many  cases  the  mischief  is  brought 
into  the  human  system  through  the  air.    Damp  and  cold  in  soil  and  air, 
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and  cliill  in  the  body,  especially  when  feeble  or  fatigued,  are  main  fac- 
tors. As  in  so  many  other  maladies,  the  specific  cause  in  rheumatic 

fever  may  be  the  entrance  of  a  micrococcus  or  other  germ  by  means  of 
a  chill,  either  in  hot  or  cold  weather.  An  inquiry  into  the  distribution 

of  rheumatism,  with  regard  especially  to  soil,  climate,  air,  and  dwell- 
ings, and  eliminating  as  far  as  possible  predisposing  human  habits, 

would  furnish  results  of  much  value.  There  is  some  indication,  as  in 
the  case  of  malaria,  that  air  near  the  ground  in  low  places  has  much  to 
do  with  the  incidence  of  the  disease.  Damp  dwellings  and  clothes 
conduce  to  an  attack,  and  to  the  chronic  form.  It  seems  very  probable 
that  it  would  be  found  that  persons  removed  from  ground  air,  as  in  the 
attics  of  high  buildings,  are  exempt  from  attack,  except  through  food 
and  drink. 

MEASLES  AND   WHOOPING   COUGH. 

Measles  and  whooping  cough  are  si^read  chiefly  through  the  air  to 
persons  in  the  immediate  neighborhood  of  the  sick,  and  of  articles, 
especially  clothing,  which  have  been  exposed  to  the  infective  matter. 
Segregation,  ventilation,  and  avoidance  and  disinfection  of  materials 
which  may  disseminate  the  disease  are  effective  in  prevention,  where 
they  can  be  carried  out.  In  the  early  stage  of  measles,  as  of  influenza, 
even  while  the  symptoms  are  slight,  the  germs  of  the  disease  may  infect 
through  the  air,  and  therefore  measures  of  precaution  are  difficult.  The 
best  preventives  against  widespread  and  severe  attacks  are  habitual 
regard  for  sufficient  air  space  and  warmth  and  immediate  isolation, 

DENOUE. 

Dengue  is  a  disease  somewhat  resembling  influenza  in  its  symptoms, 
but  prevalent  only  as  an  occasional  epidemic  in  tropical  countries.  It 
is  apparently  spread  by  infection  in  the  air  from  case  to  case,  but  not 
through  the  general  atmosphere.  The  reason  of  its  failure  to  extend 
beyond  hot  climates  is  quite  obscure,  but  it  would  seem  as  if  it  required, 
like  yellow  fever,  a  high  temperature  outside  the  body  in  order  to  grow 
and  disseminate  germs  fitted  for  infection. 

SMALLPOX. 

Smallpox  has  been  ascertained  by  several  careful  investigations  to 
be  capable  of  passiug  through  long  distances,  at  least  half  a  mile  or 

a  mile,  of  fresh  air  without  losing  its  power  of  infecting  susceptible  per- 
sons. The  experience  of  hospitals  in  London  and  Paris  is  well  known. 

'  Eecent  observations  on  the  spread  of  smallpox  from  a  hospital  near 
Leicester,  containing  49  patients,  showed  that  a  number  of  cases  which 
occurred  in  a  suburb  about  300  yards  distant  were  in  all  probability  due 
to  transport  by  the  wind.  The  epithelial  scales  and  dust  of  smallpox 
cases  are  rather  peculiarly  protected  from  atmospheric  influences,  and 
the  conditions  of  the  survival  of  exposed  germs  need  inquiry. 
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INFLUENZA. 

Ko  disease  of  tlie  epidemic  character  has  seemed  to  depend  more  on 
the  constitution  and  infection  of  the  general  atmosphere  than  influenza. 
Its  rapid  spread,  its  apparently  capricious  outbreaks  at  places  wide 
apart,  the  almost  simultaneous  attack,  as  it  seemed,  ui)on  a  large 
fraction  of  the  population  of  a  country,  masked  the  true  method  of 
progress.  But  when  its  track  and  behavior  were  carefully  followed, 
these  facts  became  clear — that  it  never  traveled  faster  than  human 
beings  J  that  many  mild  cases  existed  in  every  large  town  long  before 
it  was  generally  recognized ;  that  it  took  at  least  six  weeks  to  attain  its 
maximum  after  the  occurrence  of  the  first  cases  j  that  its  rapidity  of 
advancement  from  east  to  west  and  from  town  to  village  corresponded 
roughly  and  generally  with  the  rapidity  of  means  of  transit  j  that  large 
numbers  of  people  not  exposed  to  personal  infection  escaped;  that 

islands  un visited  through  the  period,  deep-sea  fishermen,  and  light- 
house keepers  escaped,  except  in  a  very  few  instances  where  they  had 

been  ashore  or  received  communications  from  infected  places j  tijat 
susceptible  persons  very  easily  caught  the  pest  within  a  few  days  after 

exposure  to  infection  in  the  ordinary  sense ;  that  infection  was  some- 
times conveyed  by  parcels,  letters,  clothing,  etc.,  from  patients  or 

infected  places ;  that  ships  which  had  cases  on  board  were  the  means  of 

starting  it  in  islands  at  which  they  stopped ;  and  that  in  previous  epi- 
demics the  spread  was  often  so  very  slow  as  to  be  quite  unaccountable 

by  any  atmospheric  quality.  Moreover,  when  the  bacillus  of  influenza 

was  identified,  it  became  easy  to  comprehend  how  the  countless  multi- 
tudes of  exceedingly  small  organisms  alive  in  the  sjDutum  and  saliva 

might  be  disseminated  in  the  air  of  buildings  and  of  public  conveyances 
and  transmitted  from  place  to  place  by  commerce  and  the  post.  The 
general  atmosphere  either  diffused  them  to  harmlessness  or  killed 
them,  for  there  was  no  evidence  of  influenza  reaching  an  isolated 
community  by  means  of  wind  blowing  from  a  place  where  it  was 
prevalent.  But  in  confined  or  foul  air  they  were  capable  of  passing 
through  many  feet  without  losing  their  capacity  of  infection.  They 
were  experimentally  shown  to  thrive  abundantly  on  the  gum  of  an 

envelope,  ̂   and  since  many  patients  wrote  letters,  thi  s  must  have  been 
rather  a  common  mode  of  transmission,  the  organic  motes  flying  upward 
to  the  breathing  organs  of  the  recipient  on  his  breaking  the  fastening. 
There  is  no  difficulty  in  explaining  the  quick  diffusion  of  an  epidemic 
having  the  qualities  of  influenza  among  a  susceptible  population.  The 

minuteness  of  the  bacilli,  their  vast  numbers  in  the  breathing  organs,' 
the  short  period  of  incubation,  and  the  early  infectiveness,  and  in  mod- 

ern times  the  immense  daily  communications  between  distant  places, 
have  to  be  taken  into  consideration.     If  examination  of  matter  of  the 

iDr.  Klein,  British  Medical  Journal,  February,  1894. 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.  69 

tenuity  of  smoke  particles,  or  of  the  minutest  microbes,  could  be  under- 
taken, with  a  view  to  determine  the  rate  and  extent  of  its  diffusion  by 

human  communications,  it  would  pa*obably  be  found  that  very  few  dis- 
tricts in  the  country  are  out  of  microbic  touch,  as  it  were,  with  all  the 

chief  centers  of  population  for  a  single  day,  and  none  for  so  long  as  a 
week;  and  certainly  the  air  inclosed  in  a  packet  from  an  infected  place, 
when  suddenly  liberated,  would  be  likely  to  bear  with  it  active  seeds 
of  mischief.  But  the  great  majority  of  cases  of  influenza  were  due  to 
proximity  to  a  person  already  attacked.  Most  people  in  the  course  of 
a  day  come  into  association  with  ten  or  twenty  others  in  more  or  less 
confined  spaces  of  air.  If  only  one  in  five  catches  the  influenza,  and 
so  on  in  the  same  proportion,  a  fourth  part  of  a  large  city  may  be  struck 

down  in  a  very  few  weeks.  In  general,  one-half  or  three-fourths  escape, 
being  insusceptible,  or  less  susceptible  than  others,  or  less  exposed  to 

the  virus.  Where  large  numbers  of  persons  work  together  in  one  ill- 
ventilated  building,  the  proportion  of  attacks  is  much  higher,  other 
things  being  equal,  than  where  people  work  at  their  own  homes.  But 
the  frequent  opportunities  of  infection  at  meetings,  social  gatherings, 
public  houses,  in  public  conveyances,  churches,  and  chapels  tend  to 
reduce  the  inequalities  which  would  otherwise  be  conspicuous.  The 
distance  of  air  through  which  influenza  can  strike  has  not  been  well 
ascertained,  circumstances  being  very  different,  and  some  forms,  such 
as  the  catarrhal,  being  apparently  more  easily  diffused  than  others. 
The  maximum  distance  in  the  recent  epidemics,  for  susceptible  persons, 
could  hardly  have  been  less  than  100  feet  in  close  air,  and  4  feet  in  the 
open.  Isolation,  where  practiced,  was  successful  in  so  far  as  it  was 
strict.  But  the  intercourse  of  ordinary  life  makes  isolation  impossible 
for  the  general  population  when  once  an  epidemic  of  influenza  has  been 

allowed  to  attack  a  number  of  centers.  Strong  measures  against  imjDor- 
tation  from  other  countries  and  immediate  isolation  and  supervision 
of  the  few  cases  which  would  occur  might  succeed  in  staving  off  a 
national  infliction,  for  the  precautionary  measures  would  not  need 
enforcement  beyond  the  brief  period  of  its  prevalence  in  neighboring 
countries.  Kot  only  the  high  mortality,  but  the  enfeeblement  of  millions 

of  breadwinners  for  months,  years,  and  even  for  life  has  to  be*  consid- ered in  connection  with  the  expense  of  preventive  measures.  This 

expense  would  only  be  a  small  fraction  of  the  losses  incurred  by  per- 
mitting the  pestilence  to  rage  unchecked. 

As  regards  weather  and  climate,  cold  is  distinctly  conducive  to  the 
spread  of  influenza,  probably  for  several  reasons :  (1)  The  stillness  which 
often  prevails  in  frost;  (2)  the  closing  of  windows,  etc.,  and  the  closer 
association;  (3)  the  greater  jjrevalence  of  colds,  bronchitis,  etc.,  lading 
open  the  breathing  organs  to  attack.  The  first  epidemic  in  London,  at 

the  end  of  December,  1889,  was  ushered  in  by  fog  and  frost,  and  api^ar- 
ently  rapidly  reduced  in  severity  by  the  mild  and  strong  winds  of  the 
latter  half  of  January,  1890.    The  epidemics  in  succeediug  years  were 
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mucli  more  severe,  although  they  came  upon  a  population  to  some 
extent  protected.  At  the  same  time  there  can  be  no  doubt  that  an 
epidemic  may  occur  in  any  climate  and  in  any  weather.  The  tropics 
are  not  exempt.  An  instructive  instance  of  the  subtle  diffusion  of 
influenza  occurred  in  a  village  of  Central  Africa,  which  was  attacked 
immediately  after  the  arrival  of  two  natives  from  an  infected  place  far 
distant.  But  outdoor  life  and  less  constant  communications  prevent 
the  quick  diffusion  and  wide  prevalence  which  belong  to  civilized  nations 
in  temx)erate  climates. 

The  manifest,  at  present  the  only  practicable  and  yet  difi&cult,  meas- 
ures for  preventing  these  great  and  very  destructive  epidemics  are: 

Precautions  against  the  introduction  of  the  pest  by  travelers  and  by 
articles  sent  from  infected  districts ;  immediate  compulsory  notification, 
without  fee^  of  all  cases  occurring  in  a  district  to  the  medical  officer  of 
the  district  and  through  him  to  the  central  board ;  isolation  so  far  as 
can  be  arranged  of  all  the  early  cases  in  a  district  at  the  homes  of  the 

patients;  prohibition  of  attendance  of  infected  joersons  at  any  assem- 
blage; and  publication  of  the  importance  of  ventilation,  and  of  living, 

warmly  clothed,  as  much,  as  possible  in  the  open  air,  unless  actually 

stricken.  During  the  period  of  illness,  and  for  some  time  after  recov- 
ery, the  greatest  care  is  required  to  avoid  chill,  which  often  induces 

pneumonia  or  other  evils.  The  fresh  outer  air  can  only  be  safely 
breathed  when  the  symptoms  have  subsided  and  when  the  strength  has 
partially  returned.  It  is  remarkable  that  cold  air  alone,  however  pure, 
seems  capable  of  causing  a  relapse  when  the  system  has  been  greatly 
enfeebled  and  the  breathing  organs  left  in  a  highly  sensitive  condition. 

COLDS. 

Colds  and  sore  throat  have  never  received  the  attention  they  deserve 
from  an  etiological  point  of  view,  owing  i)robably  to  the  slight  character 
of  the  majority  of  cases.  Yet  they  are  important,  first  for  their  wide 
diffusion,  endemicity,  and  frequency,  and  secondly  for  their  effect  in 
giving  opportunity  for  the  attack  of  more  serious  disorders,  among 
which  may  be  mentioned  diphtheria,  measles,  pneumonia,  bronchitis, 

and  consumption.  Close  observation  for  many  years  has  led  the  pres- 
ent writer  to  the  conclusion  that  though  primarily  a  chill,  that  is 

exposure,  insufficiently  clad,  to  a  draft  or  cold  air,  is  very  frequently 
sufficient  to  give  a  slight  cold  or  sore  throat,  or  the  feeling  of  one,  yet 
severe  colds  are  caught  in  general  either  (1)  in  marshy  or  low  and  damp 
situations,  or  in  conditions  somewhat  similar  to  those  which  produce 
malaria;  or  (2)  by  infection  from  persons  after  the  manner  of  other 
infectious  diseases.  It  would  appear  as  if  the  microorgauism,  or  one 
species  of  microorganisms,  which  sets  up  a  sore  throat  and  severe  cold, 
inhabits  the  upper  layer  of  earth,  especially  in  damp  or  marshy  places, 
where  decaying  vegetable  matter  abounds,  and  passes  into  the  air, 
especially  in  summer  and  autumn  evenings  when  the  earth  and  water 
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are  still  warm  and  the  air  is  rapidly  cooling.  TVheu  the  microbes  are 
dense  in  the  humid  and  misty  low  stratum  of  air,  and  when  the  human 
body  is  being  quickly  chilled,  they  are  able  to  attack  successfully.  The 
microbe  is  j)robably  a  very  common  and  widely  diffused  one,  and  may 
be  present  in  comparatively  small  proportion  and  in  less  vigor  in  the 
lower  air  generally  over  the  land.  At  sea  it  would  be  absent,  and  indeed 
there  is  good  evidence  that  it  does  not  bear  long  transport  in  a  virulent 
state  in  the  free  air.  Colds  are  scarcely  ever  caught  on  the  open  sea, 
even  if  the  clothes  be  wet  with  salt  water,  and  breezes  straight  from  the 
Atlantic  do  not  seem  capable  of  inducing  sore  throat  or  cold.  But,  of 
course,  to  make  an  experiment  crucial,  previous  life  in  the  open  air, 
disinfection  of  clothes  and  if  possible  of  the  breathing  organs,  would 
be  necessary.  It  is  not  improbable  that  the  microbe  of  colds,  like  that 
of  pneumonia,  may  be  frequently  present  in  the  mouth.  The  experience 

of  St.  Kilda,^  which  used  to  be  absolutely  free  from  colds  until  the 
annual  boat  arrived  from  the  mainland,  points  to  the  ordinary  presence 
of  the  infective  particles  on  clothes  or  in  the  breath.  The  islanders 
were  nearly  all  struck  down  with  severe  colds  within  a  day  or  two  after 
welcoming  their  visitors.  Probably  a  similar  dose  of  infection  would 
be  quite  insufficient  to  prostrate  persons  on  the  mainland  who  were 
accustomed  to  the  petty  assaults  of  the  microbe,  and  protected  by 
scarcely  noticed  symptoms  of  catarrh. 

An  exactly  similar  thing  occurs  in  the  case  of  influenza.  Hundreds 
of  instances  were  observed  in  which  the  proximity  of  persons  who  had 
had  influenza  or  had  been  near  cases  of  influenza  gave  it  to  others,  and 
often  persons  lately  arrived  in  a  place  which  had  passed  through  the 
epidemic  were  struck  down  while  the  great  majority  of  the  resident 
population  remained  protected,  at  least  for  some  months. 

Colds  protect  against  their  own  recurrence  in  most  people  for  some 

months.  Severe  colds  go  through  a  house  after  the  manner  of  an  infec- 
tious disease,  and  can  be  similarly  guarded  against  by  isolation.  The 

air  certainly  conveys  a  cold  for  several  feet  through  confined  air,  and 
in  a  closed  railway  carriage  suscei^tible  persons  who  have  been  free 

from  colds  for  some  time  are  easily  infected.  An  attack  is  often  attrib- 
uted to  a  chill  felt  at  the  beginning  of  the  infliction,  but  in  reality  the 

cold  has  usually  been  caught  some  hours  or  a  day  or  two  before,  and 
the  feeling  of  chill  is  simjDly  the  beginning  of  the  disorder,  as  in  other 
infectious  maladies.  On  the  other  hand,  there  may  be  a  real  chill, 
which  gives  opportunity  to  the  microbe  to  make  its  attack  and  produce 
a  feverish  cold  in  a  day  or  two.  Foul  air  and  crowded  rooms  are  emi- 

nently conducive,  especially  if  combined  with  drafts,  to  disseminate 
colds. 

Persons  arriving  in  town  from  the  pure  air  of  the  country  or  from  a 
sea  voyage  are  very  apt  to  catch  cold.     They  have  been  living  apart 

'And  other  islands.  See  Darwin's  '' Naturalist's  Voyage."  Report  of  the  Local 
Government  Board j  Epidemic  Influenza,  London. 
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from  the  constant  presence,  and,  as  it  were,  the  vaccinating  influence, 
of  the  germs  in  bad  air.  From  similar  reasons  horses,  when  brought 
from  the  country  to  London  stables,  very  frequently  fall  out  of  sorts  to 
the  extent,  it  is  said,  of  95  per  cent,  and  sheep,  when  placed  among 
imported  apparently  healthy  sheep,  often  fall  sick.  Texas  cattle  fever 
is  caught  from  apparently  healthy  cattle.  The  first  intercouse  between 
Europeans  and  natives  is  attended  with  the  introduction  of  fever, 

dysentery,  or  other  diseases.^ 

SEASONAL   AND   aEOGRAPHICAL    DISTRIBUTION     OF     INFECTIOUS 
DISEASES. 

Many  of  the  spreading  diseases  are  more  or  less  wont  to  rise  toward 
a  maximum  and  to  fall  toward  a  minimum  at  certain  times  of  the  year, 
and  these  seasons  are  generally  nearly  the  same  in  similar  climates 
in  the  same  hemisphere,  but  there  are  many  particular  instances  of 
variation. 

Scarlet  fever  is  a  disease  chiefly  prevalent  in  the  northwest  of  Europe, 

moderately  prevalent  in  Kussia,  IN^orth  America,  and  parts  of  South 
America,  the  coast  of  Asia  Minor,  Italy,  Turkey,  and  Greece,  and  quite 
uncommon  in  Asia  and  Africa.  It  is  not  frequent  in  Australia.  Its 
maximum  in  London  occurs  in  October,  its  minimum  in  April.  In  New 

York  its  maximum  is  in  April,  its  minimum  in  September.  In  Eng- 
land, generally  autumn  is  the  time  of  maximum  prevalence.  In  the 

whole  of  Europe  and  North  America  29.5  per  cent  out  of  435  epidemics 
are  recorded  as  having  occurred  in  the  autumn,  and  21.8  per  cent  in  the 
spring,  the  period  of  minimum ;  the  remaining  48.7  per  cent  took  place 
in  summer  and  winter.  A  dry  air  with  little  rain  seems  to  increase,  the 
prevalence  of  scarlet  fever. 

Measles,  in  London,  has  two  maxima,  one  in  December  and  a  lesser 
one  in  June,  and  two  minima,  one  in  September  and  one  in  February. 
Measles  occurs  nearly  all  over  the  world  since  the  great  extension  of 

commerce,  and  seems  to  be  little  afl'ected  by  climate.  Cold  weather, 
however,  favors  it,  as  might  be  expected,  since  it  infects  through  the 
air  of  close  rooms. 

Influenza,  typhus,  relapsing  fever,  smallpox,  whooping  cough,  croup, 
pneumonia,  not  only  prevail  most  in  cold  weather,  but  in  cold  countries, 
where  there  is  least  outdoor  life  and  least  fresh  air  in  rooms  and  most 

crowding.  Diphtheria  increases  with  the  cold  weather  of  autumn,  but 
tends  to  decline  in  February,  and  is  at  a  minimum  during  the  hot 
months.  Cerebro-spinal  fever,  which  is  a  good  deal  connected  with 
crowding  in  large  numbers  in  institutions,  etc.,  not  only  attacks  most 
in  cold  weather,  but  in  cold  or  temperate  countries.  The  relation 
between  the  temperature  and  the  disease  seems  to  be  indirect,  and  the 
causation  and  dissemination  of  the  malady  are  obscure. 

1  WiUiams,  quoted  by  Darwin,  "Naturalist's  Voyage.'^ 
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Consumption  or  tuberculosis  is  most  prevalent  where  the  air  is  moist 
and  the  daily  range  of  temperature  large. 

Typhoid  or  enteric  fever  is  most  common  in  the  autumn  and  much  less 
prevalent  in  May  and  June.  There  is  a  sharp  decline  in  its  prevalence 
in  London  in  December.  In  New  York,  and  in  large  towns  in  Europe, 
the  maximum  is  decidedly  apparent  in  late  summer  or  autumn.  The 
variation  of  prevalence  according  to  season  seems  to  show  a  distinct 

.connection  between  the  development  of  the  bacillus  and  the  tempera- 
ture of  soil  and  water,  and  considering  the  long  incubation  and  dura- 

tion of  cases  the  maximum  of  infection  must  take'  place  at  the  very 
time  when  the  temperature  of  the  soil  at  1  or  2  feet  deep  is  about  at  its 
highest. 

Cholera,  diarrhea,  yellow  fever,  and  malaria,  the  poison  of  all  of 
which  arises  from  the  soil  and  surroundings  into  the  air,  are  much 
more  prevalent  in  the  hot  season  and  in  hot  countries. 

CONDITIONS   OF   INFECTION   THROUGH   THE   AIR. 

In  order  to  obtain  a  true  conception  of  the  manner  in  which  the 
virulent  matter  of  infectious  diseases  may  be  conveyed  through  short 
distances  of  air,  either  directly  from  a  patient  or  indirectly  from  objects 
which  have  become  infected,  we  have  to  consider  those  cases  in  which 
susceptibility  is  greatest,  for  these  afford  the  truest  criterion  of  the 

capability  of  the  survival  of  iDathogenic  microbes,  and  the  best  meas- 
ure of  the  precautions  which  should  be  adopted  to  exclude  not  only 

persons  of  average  susceptibility,  but  the  most  susceptible,  from  the 

area  of  danger.  In  cases  of  pysemia,  of  puerperal  fever,  and  of  small- 
pox, not  only  ordinary  measures  of  disinfection,  but  abstinence  from 

attendance  on  susceptible  persons  for  some  time,  is  recognized  as 
needful.  In  cases  of  influenza,  diphtheria,  and  scarlet  fever  less  care 
is  exercised,  except  in  regard  to  certain  susceptible  states.  In  all  of 

these  diseases,  however,  transmission  is  far  too  frequent,  and  as  a  mat- 
ter of  fact  the  required  precautions  are  not  duly  observed.  The  strict 

regulations  of  dress  and  washing  enjoined  upon  nurses  are  almost 
equally  applicable  to  medical  attendants,  and  the  use  of  clothes  of  a 
washable  material  and  smooth  surface  by  all  persons  in  the  presence  of 
infectious  cases  would  give  greater  security  to  all  patients  visited,  and, 
indeed,  to  the  general  population.  A  square  inch  of  cloth  can  easily 
hold  upon  its  surface  10,000,000,000  microbes  of  influenza,  so  that  it  is 
quite  conceivable  that  a  man  may  carry  on  his  clothes  many  more  of 
these  organisms  than  there  are  inhabitants  on  the  globe,  and  that 
many  scores  of  thousands  of  these  pass  into  the  air  of  every  room 
which  he  visits. 

Similarly,  in  the  cases  of  other  diseases  which  pass  largely  by  the 

breath  and  by  deposited  particles,  there  must  always  be  a  certain  num- 
ber on  every  person  who  visits  the  sick  room,  and  although  the  majority 

of  people  fall  victims  only  to  rather  large  numbers  or  a  high  degree  of 
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virulence,  still,  in  order  to  avoid  the  setting  up  of  fresh  centers  in  sus- 
ceptible peoi)le,  disinfection  and  washing  are  indispensable. 

The  most  remarkable  instance  of  immunity  from  infection  of  a  mater- 
nity hospital  is  that  of  the  Grand  Duchess  Catherine,  at  St.  Peters- 
burg, one  of  the  most  carefully  regulated  in  the  world.  Every  utensil, 

instrument,  and  article  of  clothing  is  rendered  aseptic  and  kept  so.  A 
vacated  room  is  at  once  stripped  and  disinfected.  The  floors  are  mosaic 

concrete,  the  walls  tiles  and  parian  cement.  Floors  and  walls  are  thor- 
oughly washed.  The  result  of  this  extreme  care  was  that  during  three 

years  there  was  only  one  case  of  puerperal  fever,  and  that  was  brought 
in  fr'om  outside. 

A  boiled  vegetable  or  animal  infusion  in  a  test-tube  may  be  kept  an 
indefinite  time  without  change  or  fermentation  when  ordinary  air  and 
objects  are  excluded,  but  a  mere  touch  of  the  finger  or  of  some  object 
which  has  been  lying  in  a  room  infects  with  microbic  life  and  the  fluid 
goes  bad.  The  comparative  infrequency  of  the  conveyance  of  some  of 
the  infectious  diseases  from  one  to  another  by  means  of  a  third  person 
is  less  due  to  the  absence  of  the  germs  than  to  the  average  resisting 
power  of  the  human  body.  The  precautions  taken  to  prevent  the 

spread  of  foot-and-mouth  disease  in  sheep  and  cattle  well  illustrate 
what  is  necessary  for  the  protection  of  human  beings.  In  an  outbreak 
in  England  in  1892,  a  strict  watch  was  kept  to  prevent  the  passage  of 
any  infected  article,  and  no  one  was  permitted  to  come  in  contact  with 
cases  of  the  disease  excepting  those  persons  who  were  i)rovided  with 
a  proper  dress,  which  could  be  easily  disinfected.  If  these  and  similar 
measures  had  been  customary  for  some  years  for  the  prevention  of 

epidemics  in  man,  the  belief  in  an  "epidemic  constitution  of  the  atmos- 

phere" or  in  •'aerial  transmission"  by  wind  for  long  distances  could 
hardly  have  survived.  The  recent  pandemic  of  influenza  has  given 
occasion  for  the  revival  of  these  hypotheses,  which  were  successively 
overthrown  in  relation  to  consumjition,  the  plague,  cholera,  yellow 

fever,  smallpox,  and  even  rabies  or  hydrophobia.  Eecent  investiga- 
tions have,  however,  proved  beyond  all  doubt  that  the  atmosphere  does 

not,  except  possibly  in  the  rarest  instances,  convey  the  virulent  matter 
of  epidemics  from  place  to  place,  and  that  there  is  no  security  against 
infection  so  great  as  life  in  the  open  air  and  good  ventilation.  In  fact, 
the  atmosphere  is  the  great  reservoir  of  purifying  agents  and  the  most 
important  of  all  disinfectants.  In  close  places  the  air,  deprived  of  some 
of  its  oxygen,  filled  with  moisture  and  the  imx)urities  of  respiration, 
can  not  exercise  its  beneficent  function,  and  in  crowded  rooms  infec- 

tion becomes  easy.  So,  also,  cholera  and  other  infectious  matter  retains 
its  virulence  in  packages  or  stored  clothing.  Under  the  open  sky 
and  in  pure  air  few  species  of  pathogenic  germs  can  pass  many  feet 
unscathed. 

Consumption  is  typical  of  the  class  of  endemics  which  can  be  caught 
either  directly  from  a  patient  or  indirectly  through  infected  objects  in 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.  75 

close  air.  People  who  live  entirely  in  the  open  air  and  in  well-venti- 
lated, clean  places  do  not  suffer  from  it,  except  in  the  few  cases  where 

it  may  be  inherited  or  introduced  from  without.  It  is  a  disease  of  civ- 
ilization, and  many  countries  have  been  unaffected  until  the  virus  has 

been  brought  by  human  agency. 
Soil  is  not  concerned  in  the  prevalence  of  most  endemic  and  epidemic 

diseases,  though  many  may  have  originall7  sprung  from  the  soil,  and 
some  have  located  themselves  in  certain  areas  from  which  they  spread 

over  the  globe.  The  small  part  played  by  soil  emanations  in  the  great 

majority  of  spreading  diseases  is  exemplified  by  the  extension  of  epi- 
demics and  of  endemics  like  consumption,  diphtheria,  measles,  and 

whooping  cough,  in  countries  which  are  covered  with  snow  and  con- 
gealed with  frost.  When  once  introduced  they  pass  among  the  popula- 

tion whose  habits  are  favorable  to  their  growth.  In  islands,  again, 
when  an  infectious  disease,  such  as  measles  or  influenza,  is  introduced, 
it  spreads  as  fast  as  in  countries  where  the  soil  might  be  supposed  to 
nourish  the  bacillus  or  micrococcus  independently  of  the  human  body. 
On  board  ships  and  in  isolated  institutions  where  opportunities  are 
given  by  association,  many  infectious  diseases  spread  just  as  they  might 
in  inhabited  places,  whatever  the  soil.  At  the  same  time  endemicity  is 

largely  a  matter  of  soil  and  habitation.  Infection  from  person  to  per- 
son, and  to  a  great  extent  through  confined  air,  may  thus  be  separated 

off  as  the  main  condition  of  prevalence  of  infectious  diseases. 
Diseases  capable  of  transmission  for  a  short  distance  through  the  air 

may,  for  present  purposes,  be  divided  into  the  following  classes : 
(1)  Those  which  arise  from  damp  soil  or  subsoil  in  alluvial  plains, 

deltas,  valleys,  mangrove  swamps,  certain  sandy  coast  districts,  and 
other  situations.  Malaria,  intermittent  fever,  and  ague  are  the  chief 
diseases  of  this  type,  and  are  in  general  not  transmissible  from  person 
to  person.  They  are  transmissible  a  few  miles  through  the  air  from  the 
locality  of  origin.  Colds  and  sore  throats  probably  aiise  from  similar 
conditions,  and  are  infectious  through  a  short  distance  of  air  to  suscep- 

tible persons.  Forms  of  dysentery  and  certain  diseases  of  the  liver, 
etc.,  seem  to  be  due  to  conditions  largely  corresponding  with  those  of 
malaria. 

(2)  Diseases  which  arise  in  somewhat  similar  conditions,  but  seem  to 
have  required  not  merely  vegetable  matter,  but  a  large  population  and 
neglected  filth  in  the  soil  and  water  for  their  development.  Cholera 
belongs  to  this  class,  and  depends  to  a  great  extent  on  human  filth  in 

the  soil  and  befouled  water.  Cholera  is  infectious  from  person  to  jDcr- 
son  through  the  air,  but  only  to  a  slight  extent,  and  depends  for  its 
existence  beyond  its  habitat  on  access  to  filthy  soil,  water,  or  places 
where  it  grows,  multiplies,  and  infects  the  air,  as  well  as  other  matter, 
which  gains  access  to  the  body.  Typhoid  grows  on  damp  human  filth 
and  may  infect  persons  who  breathe  the  air  arising  from  such  filth, 
especially  in  houses  and  confined  places.     The  air  in  the  neighborhood 
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of  a  typhoid  case  does  not  appear  to  convey  the  disease,  apart  from 
excremental  matter  exposed  to  the  air.  Tello^Y  fever  seems  to  grow  in 

conditions  somewhat  resembling  those  which  are  favorable  to  cholera — 
filthy,  damp  surfaces  in  great  heat — and  infects  the  air  in  the  neighbor- 

hood of  its  growth,  especially  banks  of  rivers,  harbors,  holds  and  bilges 
of  ships,  and  dirty,  dark,  crowded  streets.  It  sometimes  infects  direct 
from  a  patient.  These  three  saprophytic  or  semisaprophytic  diseases 
may  be  supposed  to  be  propagated  a  short  distance  from  place  to  place 
through  the  air  without  the  intervention  of  a  human  subject,  but  have 
neverbeen  known  to  be  carried  far  independently  of  human  transporting 
agency. 

(3)  Diseases  which  arise  from  deposits  of  organic  matter  from  the 
lungs  and  skin,  and  also  probably  from  other  excrementitious  filth. 

Typhus  and  the  plague  may  be  named  in  this  class,  but  other  condi- 
tions of  filth  are  powerful  in  their  genesis.  Plague  is  both  miasmatic 

and  contagious,  and,  where  concentrated,  seems  to  be  capable  of  pass- 
ing through  several  hundreds  of  yards  of  air.  Prolonged  breathing 

of  the  sick-room  air  both  in  plague  and  typhus  is  the  most  effectual 
means  of  infection.  Damp,  alluvial  soils;  streets,  walls,  and  floors 
with  damp  organic  deposits  sticking  to  them;  carcasses  and  refuse 
lying  unburied  around  houses ;  in  these  situations  the  plague  fungus 
flourishes.  Diphtheria  arises  probably  from  somewhat  similar  breed- 

ing places,  from  heaps  of  house  refuse,  from  middens,  drains,  ash 
heaps,  and  polluted  ground,  floor,  and  walls,  and  is  transmitted  a  short 
distance  through  the  air,  probably  seldom  more  than  10  or  20  yards. 
It  is  very  often,  probably  in  the  majority  of  cases,  carried  by  the  air 
from  person  to  person  through  a  short  distance,  most  easily  in  damp, 
close,  or  confined  air,  like  so  many  other  infections.  The  dii)htheria 
fungus,  when  it  has  been  once  introduced,  sticks  to  certain  places,  damp 
houses  and  damp  organically  polluted  sandy  soil  seem  to  favor  it.  It 
is  improbable  that  it  is  ever  conveyed  far  from  place  to  place  through 
the  air  to  persons  except  by  human  agency  and  the  movements  of 

domestic  animals.  Pneumonia  may  possibly  depend  on  somewhat  sim- 
ilar conditions,  and  may  be  caught  by  one  person  from  another  through 

the  air.  Consumption,  phthisis,  or  tuberculosis,  depends  to  a  very  great 
extent  on  conditions  similar  to  those  of  typhus,  and  is  spread  through 
the  air  a  short  distance  in  the  dried  matter  of  saliva  and  sputum. 

(4)  Scarlet  fever,  measles,  whooping  cough,  influenza,  and  dengue 
arise  from  conditions  outside  the  body  which  are  unknown,  but  decay- 

ing organic  matter  may  provisionally  be  assumed  to  have  been  their 
original  breeding  ground.  They  are  now  almost  entirely  dependent 
on  transmission  from  person  to  person,  and  to  a  very  large  extent  on 
transmission  through  a  short  distance  of  air.  It  is  very  seldom  that 

these  maladies  are  caught  in  the  open  air,  so  that  the  medium  of  trans- 
mission is  the  confined  and  more  or  less  foul  air  of  schools,  houses, 

churches,  and  theaters.    They  are  never  caught  in  isolated  positions  in 
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the  open  air,  in  islands  to  which  no  infection  is  brought  by  human 

agency,  and  in  well- ventilated  institutions  where  every  possible  precau- 
tion against  infection  from  without  can  be  rigidly  maintained.  Even 

the  Isles  of  Scilly,  near  the  southwestern  coast  of  England,  were  free 

from  measles,  scarlet  fever,  and  smallpox  for  ten  years,  the  only  district 

exempt  out  of  over  seven  hundred  in  the  whole  country.  It  was  also 

one  of  the  seven  districts  in  which  no  death  from  diphtheria  occurred.^ 
Since  communication  has  become  frequent,  owing  to  a  great  increase  in 

trade,  the  immunity  does  not  continue,  and  influenza  broke  out  there 

only  a  few  weeks  later  than  on  the  mainland.  Another  island.  Alder- 

nay,  was  affected  early  by  influenza  through  the  examination  of  goods 

by  custom-house  officers,  who  caught  the  infection  soon  after  the  arrival 
of  the  steamer. 

PREVENTION   OF   SPREAD   AND   PREVALENCE   OF  VARIOUS  MALADIES. 

Prevention  of  the  spread  of  these  various  classes  of  disease,  the 
reduction  of  some  and  the  extinction  of  others,  may  be  effected  by 
the  following  means : 

1.  Malaria  class. — Drainage,  cultivation,  planting,  proper  disposal  of 
refuse  and  carcasses.  In  places  where  a  small  area  of  moist  ground  or 
small  marsh  gives  off  the  dangerous  exhalations,  the  surface  might 
be  covered  with  a  film  of  crude  petroleum  to  prevent  the  escape  of 
the  germs.  Other  experiments  on  the  treatment  of  the  surface  of  the 
ground  with  antiseptic  mixtures  might  lead  to  valuable  results. 
Powdered  charcoal,  and  lime,  might  be  tried. 

2.  Cholera  class. — Proper  disposal  of  refuse,  drainage  of  soil,  cleanli- 
ness and  airiness  of  streets,  houses,  quays,  ships  j  prompt  disinfection 

and  cleaning  of  places  where  first  cases  occur;  prevention  of  over- 
crowding. Where  any  damp  surface,  as  in  a  midden,  pool,  or  drain,  is 

suspected  of  giving  off  dangerous  emanations,  crude  petroleum  might 
have  the  effect  of  imprisoning  the  germs  by  an  impervious  film.  Experi- 

ments are  needed  on  means  for  the  exclusion  of  living  organisms  from 

the  air,  where  they  are  numerous,  by  treatment  of  the  surface  soil;  also 
on  substances  inhibitive  of  their  growth,  which  might  be  used  on  a 
large  scale. 

3.  Ty])hus  class. — Cleanliness  and  good  ventilation  of  dwellings  and 
of  their  surroundings  and  avoidance  of  overcrowding  in  houses,  schools, 
etc.,  prevent  this  class  of  disease  from  arising,  but  ordinary  personal 
infection  has  to  be  attacked  also  by  isolation  on  the  occurrence  of  the 

first  symj)toms.  The  inside  walls,  floors,  etc.,  should  be  of  some  imper- 
vious material,  easily  and  frequently  washed.  A  dense  cement  or  hard 

wood  may  be  suitable;  but,  whatever  the  material,  liberal  ventilation 
and  cleansing  are  required  to  prevent  deposition  of  organic  matter  and 
growth  of  fungi.   In  schools,  etc.,  the  walls  should  be  of  smooth  cement, 

1  Public  Health  Reports.     Sir  John  Simon. 
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glazed  ware,  glass,  or  metal,  and  the  floors  of  close,  hard  wood  or  com- 
mon tiles.  The  bacteriological  examination  of  various  wall  and  floor 

surfaces,  and  of  the  air  inclosed  within  them,  would  be  of  great  service 
with  a  view  to  the  prevention  of  organic  deposit  and  emanations. 

4.  Measles  class. — Cleanliness  of  surroundings  and  ventilation  are 
required  as  in  the  last  class.  Isolation  on  the  occurrence  of  the  first 
symptoms,  use  of  glazed  or  washable  materials  for  the  room  where  a 
case  is  treated  and  for  the  outer  clothing  of  attendants,  absence  of  car- 

pets and  hangings,  and  frequent  thorough  sweeping,  cleaning,  and  air- 
ing would  greatly  reduce  the  number  of  centers  of  infection.  Where 

many  people  work  or  meet  together,  the  air  must  be  kept  as  fresh  as 

possible.  Influenza  is  best  reduced  by  immediate  isolation  or  segre- 
gation of  the  first  cases  in  any  place,  and  by  avoidance  of  meetings  in 

confined  spaces.  The  distance  of  air,  confined  and  o]yeii,  through  which 
various  infections  common  among  mankind  and  animals  can  pass  should 
be  determined  by  comparison  of  records  and  by  actual  experiments  on 
animals. 

The  effects  of  the  free  air  in  healthy  regions,  neither  very  low  nor 
very  high,  neither  very  hot  nor  very  cold,  may  be  summed  up  as 
supremely  beneficial  to  human  life  and  health.  The  most  healthy 
class  of  people  are  fishermen,  sailors,  and  gardeners,  yet  some  of  these 

are  affected  by  close  cabins,  and  others  by  surrounding  zymotic  dis- 
eases. The  most  healthy  creatures  are  the  birds  and  wild  animals  in 

fairly  warm  climates  5  a  little  less  healthy  are  the  sheep  and  oxen  which 
are  never  stalled  f  much  less  healthy  are  the  stalled  cattle  and  horses ; 
least  healthy  of  all  the  higher  orders  of  living  beings  are  men  in  crowded 

places. 
The  conditions  of  greatest  security  against  endemic  and  infectious 

diseases  are  also  the  conditions  which  conduce  most  to  robustness, 
physical  and  mental  vigor,  and  enjoyment.  Outdoor  life  with  sufficient 
work  or  exercise  can  not,  with  impunity  to  the  race,  be  forsaken  for 
purely  intellectual  and  sedentary  pursuits. 

IMPORTANCE  OF  FRESH  AIR  TO  HORSES  AND  CATTLB. 

Mr.  Fred.  Smith,  professor  of  the  Army  Veterinary  School  at  Alder- 
shot,  has  shown  the  great  importance  of  fresh  air  to  horses  in  stables. 
The  air  of  buildings  in  which  animals  are  kept  has  received  very  little 
attention  except  in  the  army,  but  the  results  obtained  by  better  venti- 

lation wherever  tried  are  remarkable.  Warmth  derived  from  the  ani- 

mals only,  in  a  cowshed  or  stable,  is  evidenae  of  foul  air;  ventilation 

should  be  by  good-sized  opposite  windows,  and  by  roof-ridge  exits;  and 
if  necessary,  artificial  heating  should  be  employed.  Cubic  capacity 
per  head  should  be  1,600  feet.  The  majority  of  preventable  diseases 

among  animals  are  traceable  to  food  and  feeding,  but  ''certainly  next 
to  this  comes  impure  air."  By  good  ventilation  and  care  for  cleanliness 
glanders  has  been  entirely  got  rid  of,  a  disease  from  which  hundreds 
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previously  died  annually ;  pneumonia  has  been  greatly  reduced  in  preva- 
lence and  intensity;  ophthalmia  has  nearly  disappeared,  and  the  animals 

are  much  less  susceptible  to  colds  and  coughs.  "  Cattle  plague,  pleuro- 
pneumonia, variola,  and  probably  tuberculosis  are  undoubtedly  spread 

by  the  medium  of  the  air  in  infected  areas."  This  class  of  disease  can 
therefore  be  absolutely  stamped  out,  and  there  are  other  diseases,  such 
as  horse  influenza  and  pneumonia,  which,  with  better  knowledge  of 
atmospheric  influences  in  connection  with  the  specific  cause,  may  come 
into  the  same  category.  Infected  places  should  be  treated  as  if  in  a 
state  of  siege. 

Port  inspection,  as  regards  some  of  the  worst  animal  diseases,  it  is 
impossible  to  estimate  too  highly ;  for  instance,  in  the  years  up  to  1886 
the  number  of  cases  in  Great  Britain  of  foot-and-mouth  disease  was 
1,993,149 ;  since  that  year  almost  the  only  cases  occurring  have  been 
those  which  had  escaped  detection  at  ports  in  a  very  few  instances,  and 
certain  other  cases  which  had  been  in  their  proximity.  All  these  were 
traced  and  most  severely  isolated,  so  that  the  country  is  saved  from 
great  agricultural  disasters  by  the  constant  vigilance  of  the  central 

and  port  authorities.  Since  many  animal  diseases,  including  tubercu- 
losis, glanders,  foot-and-mouth  disease,  anthrax,  actinomycosis,  scarlet 

fever  (a  slight  eruption  in  the  cow),  and  diphtheria,  are  transmissible 
to  mankind  (some  of  them,  but  to  a  very  small  degree  so  far  as  is 
known,  through  the  air  in  proximity),  the  immunity  of  animals  from 
disease  concerns  not  only  the  wealth,  but  the  health  of  the  community. 
Further  inquiry  is  needed  as  to  the  transmissibility  of  horse  influenza 
and  pneumonia  through  the  air,  and  as  to  the  connection,  if  any,  of 
these  with  human  maladies  of  a  like  character. 

THE  INFLUENCE  OF   CLIMATE  ON  MENTAL  AND  PHYSICAL   QUALITIES 

AND   ON  NATIONAL  HEALTH. 

The  influence  of  atmospheric  qualities  upon  the  bodily  constitution 
and  health,  upon  the  mind,  and  upon  the  enjoyment  of  life,  is  eminently 
worthy  of  consideration.  When  we  come  to  examine  closely  into  the 
manifold  causes  which  contribute  toward  human  happiness,  we  find 
that,  upon  the  whole,  comparing  acclimatized  races,  the  differences  in 
the  results  in  regard  to  all  except  extreme  varieties  depend  at  least  as 
much  on  human,  artificial,  and  removable  causes  as  on  climate  and  on 
atmospheric  conditions.  The  peasant  of  Norway  may  be  as  healthy  and 
as  happy  as  the  peasant  of  Italy,  the  native  craftsman  or  the  ryot  of 
India  as  contented  though  not  so  vigorous  as  the  woodsman  or  farmer 

of  Canada,  the  African  negro  of  the  equatorial  zone  and  the  uncor- 
rupted  Greenlander  may  physically  enjoy  life  as  much  as  the  English 
or  American  laborer.  The  peculiarities  and  tendencies  of  race  can 
hardly  be  separated  in  the  account  from  the  effects  of  climate.  Broadly 
speaking,  however,  we  may  safely  aflirm  that,  apart  from  the  special  and 
preventable  evils  of  a  high  civilization,  the  most  vigorous,  flourishing, 
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intellectual,  healthy,  and  progressive  people  of  the  world  are  those 
which  inhabit  the  temperate  zones.  Within  the  tropics  the  strongest 
and  most  energetic  peoples,  bodily  and  mentally,  are  those  living 
in  the  mountains  or  at  high  altitudes.  The  inhabitants  of  low  ground 
in  hot  climates  are  inclined  to  be  listless,  uninventive,  apathetic, 
and  improvident.  They  live  for  the  day,  shut  their  eyes  on  the  future, 
and  have  a  leaning  toward  fatalism.  An  equable  high  temperature 

with  much  moisture  weakens  body  and  mind.  No  long-established 
lowland  tropical  race  is  a  conquering  race  in  the  widest  sense  of  the 
term,  or  forward  in  the  march  of  intelligence.  But  certain  nations  have 
the  power  of  resisting,  at  any  rate  for  a  long  time,  the  enervating 
influence  of  a  moist,  warm  climate,  with  the  malarious  fevers  which 
commonly  belong  to  it.  The  Arabs  and  Chinese  evince  extraordinary 
power  in  this  respect.  The  Arabs  not  only  thrive  in  their  own  hot,  dry 
country,  but  on  the  coast  and  in  the  interior  of  Africa,  where  the 
negroes  are  driven  like  sheep  before  them.  The  Chinese  make  excellent 

and  most  industrious  laborers,  even  in  the  climate  of  Java,  Sumatra, 
and  Borneo,  and  where  neither  Malays  nor  Europeans  persist  in  the 
hard  work  of  cultivation.  Their  fare  is  rather  scanty,  and,  as  a  rule, 
entirely  vegetable.  The  Italians  and  Spaniards,  again,  can  withstand 
hot  climates  better  than  most  Europeans.  The  Spaniards  have  greatly 
multiplied  in  Cuba,  the  Portuguese  do  not  desert  the  oi)pressive  forest 
regions  of  Brazil.  The  natives  of  the  South  of  France  thrive  in  Algeria 
better  than  natives  of  the  North  of  France.  On  the  other  hand,  the 
people  of  northern  Europe,  if  they  do  not  themselves  suffer  much  in 
the  tropics,  rapidly  degenerate,  and  the  race  either  becomes  extinct  or 
greatly  enfeebled  in  a  few  generations.  In  Java,  Europeans  do  not 

live  beyond  three  generations.  It  was  shown  many  years  ago  by  a  dis- 
tinguished lady,  and  has  now  to  some  extent  been  long  recognized  by 

military  and  civil  authorities  in  India,  that  a  very  large  part  of  the 

excessive  British  mortality  in  India  was  owing  in  the  first  place  -to 
removable  insanitary  conditions,  and  in  the  second  place,  to  faulty  diet 
and  personal  habits.  The  realization  by  the  governing  authorities  of 
the  true  and  possible  conditions  of  living  in  a  hot  climate  has  led  to  a 
large  reduction  in  the  rates  of  sickness  and  death.  Stokvis  has  shown 
how  in  recent  years  Europeans  have  lived  much  better  than  formerly 
in  the  tropics.  Even  children  to  the  number  of  one  hundred  or  more, 
from  the  age  of  infancy  to  the  age  of  18  have  grown  up  well  in  an 
institution  in  Calcutta,  where  they  were  carefully  tended.  The  improper 
and  excessive  consumption  of  animal  flesh,  spirits  and  beer,  and  the 
disregard  of  simple  hygienic  rules,  still  continue  to  give  to  climate  an 

ill  name  which  fairly  belongs  to  habit.  Making  full  allowance,  hbw- 
ever,  for  these  preventable  causes  of  disease  and  degeneration,  the  fact 
remains  that  children  can  only  with  difficulty  grow  to  due  strength  and 
capacity  in  the  climate  of  India  and  the  lowland  tropics  generally.  They 
begin  to  flag  after  their  fourth  year.    Common  experience  demonstrates 
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the  impracticability  of  colonizing  the  equatorial  zone  with  the  races 
of  the  cooler  temperate  regions.  Even  the  high  stations  on  the  hills, 
where  the  temperature  may  not  be  above  that  of  the  home  country, 
are  not  sufficiently  favorable  to  the  continuance  of  the  family  and  to 
permanent  settlement.  The  air,  though  cool  at  night  and  agreeably 

warm  by  day,  is  somewhat  too  much  rarefied,  and  the  sun  shines  verti- 
cally. At  7,500  feet  the  pressure  and  density  of  the  air  are  lessened 

by  one-fourth,  and  the  sun's  heat  increased  by  many  degrees. 
Australia  is  not  yet  proved  to  be  equal  to  the  Mother  Country  as  a 

permanent  home  for  the  Anglo-Saxon  race;  indeed,  there  is  some  evi- 
dence that  the  British  standard  is  not  maintained,  but  this  is  largely 

accounted  for  by  causes  which  may  be  considered  within  human 
control. 

Hot  climates  are  not  favorable  to  emigrants  above  44  years  of  age  or 
to  children  under  16,  and  field  labor  can  not  well  be  undertaken. 

While  Europeans  visiting  hot,  moist  climates  are  ai^t  to  be  attacked 
in  the  bowels,  the  inhabitants  of  hot  climates  visiting  Europe  and 

!North  America  are  especially  attacked  by,  and  often  succumb,  to  dis- 
eases of  the  respiratory  organs.  The  cold  countries  are  unfavorable 

to  the  establishment  of  tropical  races.  A  similar  relation  seems  to 
hold  here  between  cold  and  respiratory  diseases  and  heat  and  bowel 
diseases,  as  we  have  seen  to  prevail  in  winter  and  summer  in  temperate 

climates,  but  the  effect  is  accentuated  when  the  subject  is  unacclima- 
tized.  That  the  natives  of  troi)ical  Africa  can  increase  and  multiply 
in  subtropical  or  moderately  warm  climates  is  proved  by  their  increase 
in  the  Southern  States  of  North  America. 

Tropical  islands  are  not  in  general  well  adapted  for  colonization  by 
northern  Europeans,  for  though  their  climate  is  more  moderate  than 
that  of  the  mainland  and  tempered  by  sea  breezes,  fever  often  infects 
the  valleys,  and  the  moisture  of  the  atmosphere  has  a  relaxing  influ- 

ence. But  many  islands  not  considered  wholesome  would  be  far  more 

congenial  if  proper  hygienic  measures  were  taken  and  the  most  suit- 
able food  and  clothing  habitually  used.  The  Sandwich  Islands  are 

favorable  for  settlement,  and  may  be  compared  with  tropical  highlands 
of  moderate  elevation. 

The  most  remarkable  instance  of  the  permanent  settlement  of  English 
people  in  the  tropics  is  that  of  the  inhabitants  of  the  Barbados  and  of 
Tuagua,  one  of  the  Bahama  Islands.  The  former  are  descendants  of 
rebels  sent  from  England  for  slavery  between  1650  and  1700.  They 
have  survived  through  conditions  of  great  misery  and  severe  exposure. 
The  islanders  are  now  chiefly  occupied  in  fishing.  Deterioration  there 
has  been,  but  this  may  fairly  be  ascribed  to  i)overty  and  imj^roper  food 
rather  than  to  climate.  In  Tuagua  the  peoj)le,  some  of  whom  belonged 
to  families  settled  there  since  the  time  of  Charles  II,  appear  to  have 
maintained  somewhat  better  health  and  physique. 

It  is  noteworthy  how  in  some  circumstances  a  seemingly  small  change 
of  climate  does  harm  or  good  and  in  others  a  very  great  change  has  no 
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ill  effects.  luvigoration  immediately  follows  a  cliange  from  southern 
England  to  the  Alps,  the  Scotch  Highlands,  yorvrav,  or  the  open  sea; 
a  change  for  the  worse,  and  loss  of  vigor  overtakes  natives  of  the  north 
of  England  or  of  Scotland  who  fix  their  abode  in  the  Thames  Valley 
or  near  cities  in  the  south.  On  the  other  hand,  English  crews  may 
winter  in  the  Arctic  regions,  where  temperature  is  60  degrees  below 
what  they  are  accustomed  to,  and  diet  coarse  and  unvarying;  yet  they 
maintain  perfect  health.  Eood  untainted  and  moderate  in  quantity 
and  abstinence  from  alcohol  probably  have  much  to  do  with  health 
maintenance  in  any  climate. 

Temperature  falls  about  1=^  F.  for  every  270  feet  altitude  on  the  aver- 
age.^ Other  conditions  being  equal,  a  place  at  6.000  feet  high  has  a 

temperature  fully  20^  lower  than  the  plain  at  the  sea  level. 
Generally,  the  range  of  temperature  increases  from  the  equator 

toward  the  poles,  from  the  coast  toward  the  interior,  and  from  moun- 
tains in  the  tropics  to  mountains  in  northern  countries.  Humidity  is 

less  at  high  levels,  but  relative  humidity  may  be  greater  than  at  low 
levels,  and  saturation  may  prevail  for  long  periods.  In  Europe  the 
level  of  maximum  rainfall  is  about  3,000  to  4,000  feet:  in  the  tropics, 
also,  the  lesser  mountain  ranges  have  more  rain  than  the  highest,  and 
the  maximum  rainfall  is  about  6,000  feet.  Mountain  valleys  are  less 
healthy  than  high  plateaus. 

The  '•  vital*'  or  lung  capacity  diminishes  from  about  266  to  246  cubic 
inches  in  the  ascent  from  sea  level  to  2,000  feet,  and  the  pulse  beats 
faster  by  fifteen  to  twenty  in  the  minute.  At  2,000  feet  the  pressure  of 
air  on  the  chest  is  reduced  by  over  200  pounds.  Since  vital  capacity  is 
also  diminished  by  high  temperature,  the  hill  station  can  not  equal  in 
this  respect  the  temperate  climate,  but  there  is  reason  to  believe  that 
the  lung  capacity  increases  in  course  of  time  so  as  to  be  fully  equal  to 
its  value  at  the  low  level.  Evaporation  from  the  skin  and  lungs 
increase,  and  digestion  and  sleep  are  generally  good. 

Strength  is  naturally  greater  in  hill  people.  Life  is  hard,  and  the 

weaker  members  i)erish;  the  pure  air  invigorates;  the  changes  of  tem- 
perature refresh;  good  water  is  plentiful;  the  exertion  of  climbing  and 

the  deep  breathing  expand  the  chest  and  increase  the  lung  capacity; 

the  food  is  wholesome  and  not  in  excess;  activity  and  alertness  are  gen- 
erally expected.  On  the  other  hand,  in  high  mountain  valleys  malaria 

is  often  found,  also  goitre,  asthma,  ophthalmia,  inflammation  of  the 
lungs,  and  diseases  of  the  kid  ney  s.  Dysentery,  acute  bronchial  catarrh, 
typhus,  albuminaria,  and  diabetes  are  rare:  also  the  many  zymotic  and 
other  diseases  more  or  less  dependent  on  aggregation. 

In  a  period  of  thirty-four  years  the  mortality  of  the  Dutch-Indian 
army  was,  on  low  ground,  5.27  per  cent,  on  high  ground,  3.66  per  cent. 

1  The  decrease  Avonid  be  less  than  this — about  1  degree  for  each  400  feet,  up  to  1,000 
feet. 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.  83 

MENTAL   AND   PHYSICAL   QUALITIES   IN   RELATION   TO    CLIMATE. 

Distinguislied  observers  ^  maiiitain  that  the  white  man  can  not  flourish 
in  the  tropics,  and  will  not  work  where  an  inferior  race  works;  that 
in  Ecuador  and  Brazil  the  white  race  dies  out  in  the  third  genera- 

tion j  that  in  Southern  and  Central  America,  north  of  Uruguay,  the 
colonies  break  up  through  fever  and  climate;  that  in  Panama  and  other 
l^arts  of  Central  America  the  air  is  so  i^estilential  that  even  the  Chinese 
succumb  at  an  enormous  rate,  and  that  the  most  fertile  parts  of  the 
earth,  which  are  bound  to  be  the  most  populous,  can  not  possibly  be 
the  homes  of  the  Aryan  race,  or  of  any  higher  race  whatsoever.  There 
can  be  no  doubt  that  mental  and  bodily  qualities  are  very  largely 
affected  by  the  atmosphere,  with  its  various  constitution  of  density, 
temperature,  moisture,  cloudiness,  fog,  wind,  and  organic  pollution. 
Extended  investigation  of  the  effect  of  climate  upon  human  health  and 
welfare  would  lead  to  results  of  the  highest  imj)ortance.  The  inquiry 
might  be  directed,  in  the  first  place,  to  an  historical  examination  of  the 
movements  of  nations,  races,  tribes,  and  individuals,  and  of  the  effect 
upon  them  of  change  of  climate,  separating  as  far  as  possible  the 
results  due  to  preventable  circumstances  and  change  of  habits,  from 
results  which  might  be  regarded  as  necessary  in  the  relations  of  the 
atmospheric  and  the  human  constitution. 

Secondly,  the  fitness  of  various  races  for  removal  to  various  climates 
under  modern  conditions  might  be  examined,  and  the  effects  of  tropical 
highlands  be  compared  with  those  of  lowlands. 
When  we  recollect  the  evil  reputation  of  many  localities  and  climates 

which  in  the  first  half  of  this  century  were  spoken  of  as  deadly,  and 
when  we  consider  that  these  have  lost  their  bad  name  solely  by  the 
exercise  of  local  and  personal  hygiene,  we  can  not  despair  of  the  power 
of  man  for  reducing  the  unhealthiness  even  of  large  areas  and  tropical 
climates.  Last  century  a  troopship,  a  prison,  and  a  barrack  may  each 
habitually  have  rivaled  the  worst  tropical  country  in  sickness  and 

mortality;  to-day  they  are  as  healthy  as  a  country  village;  the  prison, 
indeed,  is  a  model  of  salubrity. 

The  fact  has  been  extensively  realized  that  cultivation  and  draining 
may  often  do  for  a  pestilential  tract  what  cleanliness  and  ventilation 
do  for  an  infected  building.  A  scientific  inquiry  into  the  results  of 
cultivation,  draining,  and  irrigation  in  improving  or  harming  the  health 
of  districts  subject  to  malaria  in  various  parts  of  the  world  would 
afford  information  of  great  value.  The  nature  of  the  soil,  the  height 

of  the  subsoil  water,  the  microbiology  of  the  soil  and  of  the  superincum- 
bent air,  and  the-  efiect  of  atmospheric  conditions  should  be  tabulated 

and  compared.  We  already  have  evidence  of  the  frequent  recrudes- 
cence of  malaria  through  artificial  irrigation  in  India,  and  in  Egypt 

1  Pearson,  National  Life  and  Character,  Wiener's  Perou  et  Bolivie.  Orton's  Andes 
and  Amazon,  Curtis'e  Capitals  of  South  America. 
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the  possibility  of  tlie  revival  of  plague  throngli  irrigation  can  not  be 
lost  sight  of.  What  malaria  means  in  India  is  best  realized  by  a  glance 
at  the  mortality  statistics,  which  show  that  3,000,000  natives  annually 
fall  victims  to  this  most  fatal  of  all  endemic  diseases,  and  we  know 
that  where  one  dies  many  are  enfeebled  for  life. 

Looking  at  the  available  evidence,  we  may  fairly  infer  (1)  that  the 
Inhabitants  of  temperate  climates  are,  on  the  whole,  intellectually  and 
physically  superior,  and  that  they  owe  this  position  largely  to  atmos- 

pheric conditions;  (2)  that  in  the  tropics  and  common]}'  in  the  temi)er- 
ate  zone  the  inhabitants  of  the  mountains  are  physically  the  strongest; 
(3)  that  tropical  countries  are  not  favorable  for  rapid  permanent  coloni- 

zation by  the  races  of  northern  Europe  and  of  the  Northern  States  of 
America;  (4)  that  the  maintenance  of  healthy  conditions  in  i)ersons 
passing  from  one  kind  of  climate  to  another  very  diflerent  climate 
depends  to  a  great  extent  on  the  observance  of  hygienic  method  and  a 
change  of  habit,  but  also  on  the  time  taken  to  make  the  move,  rai)idity 
of  transition  being  inimical  to  health;  (5)  that  tribes  or  races  have 
moved  from  hot  to  cold,  and  cold  to  hot  climates,  occupying  centuries 
or  thousands  of  years  in  their  progress,  and  have  not  invariably  suf- 

fered or  degenerated,  and  that  therefore,  and  on  other  grounds,  it  is 
probable  that  fairly  healthy  hot  or  cold  countries  may  in  the  course  of 
centuries  be  colonized  by  races  which  have  successively  and  slowly 
occupied  lands  warmer  or  colder  than  their  own;  (6)  that  people  long 
subject  to  extreme  variations  of  temperature,  as  between  winter  and 
summer,  and  day  and  night,  are  better  able  to  colonize  than  those  who 
are  subject  to  more  uniform  temperature. 

MODE    OF    ATTACK   OF   MIAS3IATI0   DISEASES. 

It  is  very  desirable  that  the  various  diseases  which  affect  the  inhabit- 
ants of  moist  countries  in  the  tropics  should  be  traced  to  their  original 

haunts,  and  their  favorite  channel  of  communication  be  ascertained. 

Is  the  condition  known  as  tropical  anaemia  mainlj^  a  result  of  tempera- 
ture or  of  an  emanation  from  the  soil  in  the  air?  Are  dysentery,  diar- 
rhea, hepatitis,  and  liver  disease  due  mostly  to  organisms  swallowed 

in  food  or  drink,  or  inhaled  in  the  air  overlying  soil  rich  in  organic 

matter,  or  are  they  produced  by  merely  i^h}  sical  i)roperties  of  the 
atmosphere  acting  on  imperfectly  healthy  bodies,  by  means  of  over- 

fatigue, insolation,  or  chill?  It  appears  likely  that  both  air  and  water 
are  capable,  in  the  case  of  several  tropical  diseases,  of  conveying  the 
poison.  Thus,  at  Sierra  Leone,  improved  water  lowered  the  death  rate, 
but  it  still  remains  high ;  in  the  villages  of  the  Xajagarrh  hills  in  India, 

a  drain-cut  reducing  the  flood  level  by  3  feet  greatly  improved  the 
health  of  the  people,  and  sj^lenic  enlargement  cases  were  reduced  to 

less  than  one-sixth  of  their  former  prevalence;  in  the  canal -irrigated 
country  in  India  fever  is  both  more  prevalent  and  more  virulent,  and  a 
great  difference  in  the  health  of  the  i)eople  is  observed  between  places 
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"where  the  water  level  is  high  and  where  it  is  I0AV3  the  mere  neighbor- 
hood of  a  swamp,  without  any  pollution  of  water  supply,  is  often  suffi- 
cient to  prostrate  troops.  There  can  indeed  be  no  doubt  that  air 

infected  from  the  ground  very  commonly  causes  a  widespread  epidemic 

of  malaria.  When  the  waters  of  a  flood  subside,  the  fever  extends 

over  a  wide  area  and  beyond  the  limits  of  the  flood  5  and  exi:>osure  to 

night  air  without  any  other  source  of  contamination  is  a  frequent  cause 
of  fever  even  to  the  robust.  Considering  the  large  number  of  varieties 

of  bacilli  residing  in  mold  and  in  damp  earth  covered  by  sand,  the 

relation  of  diseases  to  the  air  and  vapor  emanating  from  the  ground  is 

a  subject  worthy  of  national  or  international  research. 

All  over  the  world  there  are  ipdications,  if  not  such  evidence  as 

amounts  to  proof,  that  where  the  air  stagnates  or  is  confined  in  valleys 

without  exposure  to  frequent  winds,  the  condition  of  robust  health  in 

a  population  is  not  well  main:  ained.  In  certain  valleys  of  Switzerland, 

of  the  Pyrenees,  of  Derbyshire,  in  England,  and  of  parts  of  India 

goiter  and  cretinism  have  been  common,-  in  low-lying  clay  districts  in 
England  cancer  has  been  shown  to  be  prevalent  above  the  average,  and 

in  limestone  or  chalk  districts  to  be  below  the  average.  Valleys  lying 

across  the  direction  of  the  prevailing  wind  and  not  well  ventilated  are 

liable  to  an  excess  of  heart  disease.  Whether  these  effects  are  in  any 

degree  due  to  stagnant  or  miasmatic  air  or  wholly  to  difference  in  the 

water  supply  it  is  uncertain,  and  the  subject  demands  inquiry. 

Climate  has  often  been  credited,  even  by  great  Avriters,  with  effects 
on  the  human  constitution  which  statistics  have  failed  to  indicate. 

Most  peojjle  have  supposed  that  suicide  in  England  must  be  most  fre- 
quent in  November  or  in  winter  when  the  dark  foggy  air  depresses  the 

spirits.  As  a  matter  of  fact,  however,  in  Eugland  and  in  Europe,  as  a 

whole,  suicides  are  most  frequent  in  the  summer  half  of  the  year,  and 

especially  in  May  and  June,  when  the  aspect  of  nature  is  most  cheer- 
ful and  the  air  bright  and  pleasant.  A  very  distinct  and  considerable 

rise  in  suicides,  crimes,  and  nervous  diseases  takes  place  in  the  spring 

and  early  summer.  The  first  cold  weather  in  autumn  produces  a  tem- 
porary and  smaller  increase.  Montesquieu  assumed  that  the  number 

of  suici'des  is  excessive  in  England,  and  attributed  them  to  depression, 
caused  by  the  dark,  cold,  damp  climate.  As  a  matter  of  fact,  the  sui- 

cides in  England  are  not  excessive  when  compared  with  France  and 

central  Germany,  and  the  climate  is  not  often  dark  and  damp  for  long 

periods.  Esquirol  and  Cabanis  asserted  that  a  rainy  autumn  followiug 

a  dry  summer  is  productive  of  violent  deaths;  Yilemais  maintains 

that  nine-tenths  of  suicides  happen  in  rainy  and  cloudy  weather. 
Quite  a  different  order  of  things  is  revealed  by  a  comparison  of  the 

figures  for  suicide,  and  especially  for  the  suicide  of  insanity,  for  the 
different  months.  The  quick  increase  of  the  temperature  of  the  air, 
the  dryness  and  sunshine  of  the  spring  have  the  effect  of  i)recipitating 

mental  alienation  and  increasing  nerve  instabilityj  the  organism  is 
least  robust  when  the  winter  passes  away. 
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Suicide  predominates  in  the  central  part  of  Europe  between  latitudes 
47  and  57  and  longitudes  20  and  40.  In  the  southwest  and  northeast 
of  Europe  the  tendency  is  much  less.  Italy,  Spain,  and  Portugal  have 
a  minimum  number.  The  distribution  appears  to  be  little  affected  by 
climate,  and  very  largely  by  mental  advance  and  cultivation,  so  that 
the  climatic  factor,  if  existent,  is  concealed.  But  there  is  sufficient 
reason  in  Europe,  at  least,  to  attribute  an  excess  of  nervous  diseases 
when  other  conditions  are  equal  to  periodic  hot  and  dry  weather  and 
alternations  of  heat  and  cold.  Countries  either  very  hot  or  very  cold 
are  less  subject  to  suicidal  tendencies  than  the  temperate  region.  But 
inquiry  is  needed  to  dissociate  the  climatic  factor  from  the  many  others 
which  confuse  the  evidence  in  civilised  countries. 

The  influence  of  climate  upon  health  and  upon  national  character 
has  never  been  very  fully  studied,  and  is  worthy  of  the  attention  of 
Government  and  of  science.  The  effect  of  change  of  climate  has 
already  been  touched  upon  in  another  part  of  this  essay. 

The  degree  of  cold  which  the  human  body  can  easily  bear  is  surpris- 

ing. A  temperature  of  —70°  F.  with  a  dry  and  still  air  is  less  trying 
than  a  temperature  of  20°  with  damp  and  strong  wind.  The  present 
writer  has  had  experience  on  a  mountain  in  Italy  of  a  temx)eratare  of 

170  F.,  with  sunshine,  which  was  quite  pleasant  and  not  too  cold  for 
sitting  out.  Even  invalids  can  sleep  with  windows  open  and  sit  out, 
without  very  heavy  clothing,  when  the  thermometer  shows  several 
degrees  of  frost.  The  purity  of  the  air  as  well  as  the  dryness  seems 
to  invigorate  the  frame  and  i)revent  the  sensation  of  chill.  Voyagers 
in  the  Arctic  regions  endure  x)rolonged  cold  without  in  any  way  suffer- 

ing in  health  if  judicious  in  their  mode  of  life,  and  mountaineers  are 

seldom  the  worse  for  exposure  unless  they  have  greatly  fatigued  them- 
selves or  have  been  overtaken  by  rain  or  snow.  The  tolerance  of  heat 

is  also  very  remarkable  where  the  air  is  dry  and  pure  and  direct  sun- 
shine avoided.  The  temperature  of  the  body  rises  about  0.05°  F.  for 

every  increase  of  1°  F.  above  the  ordinary  temperature.  The  amount 
of  air  resi)ired  is  less  in  hot  than  cold  climates,  in  the  proportion  of 
8.157  to  10  ounces  of  carbon.  The  total  effect  of  heat  and  of  cold  on 

the  human  body  has  never  been  fully  investigated.  The  net  result, 
however,  of  a  very  complex  series  of  changes  induced  by  different  tem- 

peratures on  the  inhabitants  of  different  lands  seems  to  show  that  a 
moderate  or  medium  temperature  is  most  favorable  to  health  and 
strength,  apart  from  telluric  and  constitutional  factors,  and  from  diet, 
training,  and  habits.  Tet  there  can  be  no  doubt  that  some  race  of 

mankind  may  attain  very  great  strength  and  health  in  any  uonmala- 
rious  climate. 
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Part  III. — Yarious  Atmospheric  Conditions  and  Phenomena. 

TEMPERATURE   AND   HEALTH. 

The  relation  of  the  temperature  of  the  air  to  health  has  already  been 
noted  in  the  case  of  various  diseases.  Thus  malaria,  dysentery,  liver 
diseases,  cholera,  yellow  fever,  and  dengue  belong  especially  to  hot 
climates.  Anaemia  and  general  enfeeblement  affect  the  inhabitants  of 
colder  regions  when  stationed  in  the  tropics.  Hot  weather  in  northern 
Europe  increases  the  prevalence  of  several  diseases,  and  with  drought 
increases  the  death  rate  in  towns  and  damp  places.  Diarrhea  becomes 
prevalent,  and  in  less  degree  scarlet  fever  and  diphtheria.  Diseases  of 
the  intestines  increase.  Cold,  dry,  still  weather  is  generally  healthy 
excei)t  in  towns,  and  to  old  people,  and  to  persons  whose  lungs  are 
delicate.  A  cold  winter  in  temperate  climates  increases  the  death  rate, 

and  a  mild  winter  is  healthy  in  northwestern  Europe.  Influenza,  pneu- 
monia, and  bronchitis  are  more  fatal  in  cold  weather.  Diseases  of  the 

circulatory  system,  heart  disease,  and  phthisis  are  at  their  maximum  of 
fatality.  Cold,  clear,  still,  frosty  weather  is,  on  the  whole,  healthy  and 
much  less  fatal  in  towns  than  cold  with  fog. 

The  most  favorable  temperature  to  health  in  temperate  climates  is 

about  550  to  700  on  an  average;  natives  of  the  tropics  probably  thrive 
best  at  a  temperature  of  about  6^^  to  80°. 

DRY   CLIMATES   AND   HEALTH. 

A  perennially  dry  air  is  almost  universally  favorable  to  human  life, 

and  dryness  in  a  sparsely  inhabited  and  well-watered  country  is  whole- 
some in  several  ways,  especially,  perhai)s,  in  its  preventive  effect  on 

epidemic  and  lung  diseases.  In  towns,  dry  weather  without  showers 
is  much  less  favorable,  in  fact  it  is  distinctly  unfavorable.  Yery  damp 
and  rainy  countries  with  moderate  temperature  are  often  healthy;  for 
instance,  western  Ireland,  western  Scotland,  Cornwall,  and  the  lake 
district  of  England.  The  deaths  from  consumption,  etc.,  are  much 
fewer  in  these  districts  than  in  the  drier  districts  which  are  more 

thickly  inhabited,  though  not  less,  perhaps,  than  in  equally  sparsely 
inhabited  drier  country  districts.  That  they  are  so  numerous  as  they 
are  depends  probably  very  much  on  the  tendency  to  aggregation  and 
bad  ventilation  in  the  dwellings  in  bad  weather.  Tropical  or  warm 
countries,  and  warm  seasons,  in  many  localities,  are  unwholesome  when 
there  has  been  much  rainfall,  and  this  is  succeeded  by  hot  weather. 
Much  moisture  in  a  calm  air  helps  greatly  to  spread  various  epidemic 
diseases  and  malaria.  Dry  air  is  favorable  to  the  healing  of  wounds, 
and  probably  to  the  oxidation  or  death  by  desiccation  of  noxious  living 
matter  in  the  air. 

The  exemption  of  many  tribes  and  races  living  in  dry  climates  from 
phthisis  and  other  disorders  of  an  infectious  nature  may  be,  and 
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probably  is,  partly  due  directly  to  the  dry  air  wkicli  does  not  permit 
tbe  growth  of  the  bacillus  on  solid  substances  or  soil,  but  must  also  be 
attributed  to  the  migratory  habits  of  the  people,  the  outdoor  life,  and 
the  absence  of  centers  of  infection.  Arabs,  who  were  exemj^t  from 
phthisis  and  scrofula  in  their  camps,  died  at  the  rate  of  50  per  cent 
when  they  were  located  in  French  prisons.  This  is  only  one  of  many 
instances  which  go  to  prove  that  the  infective  matter  of  consumption 
clings  to  solid  surfaces  and  thence  invades  the  human  system  through 
confined  air. 

HEALTH   AT   HIGH   ALTITUDES. 

The  effect  of  living  at  high  altitudes  has  been  variously  stated,  but  on 
the  whole  it  seems  probable  that  most  persons  become  acclimatized  to 
the  rarity  of  the  air,  diminished  pressure,  lower  temi)erature,  lessened 
humidity,  and  increased  sun  power.  Above  6,000  feet  the  pulse  and 
respiration  rates  are  slightly  increased.  Dr.  Marcet  gave  as  the  chief 

outcome  of  several  years'  experiments  on  the  amount  of  carbon  dioxide 
and  air  expired  at  high  altitudes  the  following  statements:^  The  effect 
of  altitude  and  cold  combined  increases  the  amount  of  carbon  dioxide 

expired,  but  where  the  cold  does  not  become  appreciably  greater,  as  on 
the  Peak  of  Teneriffe,  the  amount  remains  the  same  as  at  the  sea  level. 
At  altitudes  above  10,000  feet  the  amount  is  lessened.  Less  air  is 
expired  at  high  altitudes.  It  appears  that  the  blood  more  readily 
acquires  oxygen  at  high  altitudes  than  near  the  sea  level.  The  body 
can  gradually  accommodate  itself  to  altitudes  much  above  10,003  feet. 

Eecent  laboratory  experiments  by  Dr.  Loewy  showed  that  the  diminu- 
tion of  air  density  and  pressure  to  about  17.717  iuches  is  well  borne, 

greater  rarefaction  being  balanced  by  deeiier  inspiration.  A  similar 
compensation  occurs  when  carbon  dioxide  is  added  to  the  air.  Animals 
breathing  air  rarefied  to  half  an  atmosphere  eject  the  same  amount  of 
blood  from  the  heart  as  under  normal  pressure. 

The  expansion  of  the  chest  and  increased  action  of  the  heart  add  to 

strength  and  vigor,  and  the  mountain  races,  with  the  exception  of  peo- 
ple living  in  deep  or  flat  valleys,  are  generally  fine  in  build.  In  the 

tropics,  Quito  is  an  example  of  a  large  population  doing  well  at  a  height 
of  10,000  feet.  For  some  forms  of  consumption,  consumptive  tendencies, 
and  several  other  diseases,  such  as  anaemia,  altitude  is  beneficial;  for 
others,  including  nervous  irritability  and  heart  weakness,  it  is  harmful. 
The  elements  which  are  concerned  in  these  effects  have  not  been  identi- 

fied. For  old  people  and  those  who  can  not  take  much  exercise,  mountain 
heights  are  clearly  not  well  adapted. 

SEA  AIR  AND   HEALTH. 

Sea  air  is  very  beneficial  to  the  great  majority  of  people,  and  has  a 
wonderful  restorative  power  in  many  ailments  and  illnesses.     It  is  free 

iProc.  Roy.  Soc,  1878,  1879. 
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from  all  kinds  of  infective  germs,  and  therefore  epidemic  diseases  are 

unknown  at  sea,  except  in  so  far  as  tliey  arise  from  the  material,  pro- 
visions, or  water  of  the  ship,  or  have  been  brought  on  board  by  crew  or 

passengers.  Mucli  of  the  benefit  which  would  otherwise  be  derived 

from  a  sea  voyage  is  often  counteracted  by  the  small  space  and  diffi- 
culties of  ventilation  of  sleeping  berths  and  cabins.  The  temperature 

of  the  tropics  has  a  bad  effect  upon  the  crew  and  passengers  of  ships 
from  colder  climates,  and  loss  of  weight  results;  but,  in  general,  the 
weight  and  strength  of  passengers  are  increased  by  voyaging  in  a  fair 
climate.  Much  depends,  of  course,  upon  the  accommodation  and  diet, 
as  well  as  upon  the  atmospheric  conditions. 

THE   IMPROVEMENT    OF    CLIMATE    WITH   SLIGHT   ELEVATION. 

From  a  certain  number  of  experiments  and  from  a  review  of  observa- 
tions taken  by  meteorologists  of  differences  between  temperature  and 

humidity  at  different  heights  above  the  ground,  the  present  writer 

came  to  the  following  conclusions,^  shortly  stated: 
The  mean  temperature  at  a  height  of  about  100  feet  above  the 

gronnd  does  not  differ  sensibly  from  the  mean  temperature  at  5  feet, 
but  seems  to  be  slightly  in  excess. 

The  means  of  daily  maxima  at  heights  of  69  and  128  feet  fall  short 
of  the  mean  maxima  at  10  feet,  and  still  more  of  the  maxima  at  4  feet. 
The  means  of  daily  minima  at  the  greater  heights  exceed  the  mean 
minima  at  the  smaller  heights. 

There  is  a  certain  altitude,  apparentl}^  about  150  feet  above  the 
ground,  at  which,  while  the  mean  tem^^erature  is  equal  to  that  at  4  feet, 
the  maxima  are  lower  and  the  minima  higher  than  at  any  lower  point. 
On  an  average  of  nineteen  months,  the  mean  of  maxima  was  about 

1.5°  F.  lower  at  128  feet  10  inches  than  at  10  feet,  and  the  mean  of 
minima  about  O.ooo  higher. 

In  cyclones  the  higher,  and  in  anticyclones  the  lower,  points  gen- 
erally have  the  lowest  mean  temperature. 

The  mean  night  temperature  is  always  highest  at  the  higher  points, 
and  the  mean  day  temperature  always  lowest. 
About  sunset  in  clear  or  foggy  weather,  when  calm,  temperature  falls 

much  faster  near  the  ground  than  at  some  height  above  it. 
Equality  of  lower  and  upper  temperature  seems  to  occur  about  two 

hours  before  sunset  aud  after  sunrise,  but  varies  with  the  season. 

In  clear  weather  and  low  fogs,  between  sunset  and  sunrise,  tempera- 
ture is  always,  or  nearly  always,  higher  at  heights  varying  from  50  to 

300  feet  above  the  ground  than  at  heights  from  2  to  22  feet. 
In  bad  weather  the  higher  points  are  coldest  by  day  and  night.  In 

foggy  weather,  especially  with  gronnd  or  radiation  fogs,  temperature 
is  very  much  the  lowest  near  the  ground,  and  within  the  fog  much 
lower  than  above  it. 

'  Trans.  Sauit.  Inst,  of  Great  Britain. 
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The  mean  daily  range  at  128  feet  approaclies  closely  that  of  the 
English  seacoastj  and  at  69  feet  is  about  midway  between  that  of  coast 
and  inland  stations. 

Mean  humidity  is  more  than  1°  less  at  69  and  128  feet  than  at  10 
feet  surrounded  by  trees.  Humidity  by  day  is  a  little  greater,  by 

night  much  less,  2^  or  3°. 
Places  on  hills  or  slopes  from  150  to  700  feet  above  a  plain  or  valley, 

especially  with  a  southern  aspect,  have  a  much  smaller  annual  rauge, 
and  also  a  smaller  daily  range  than  places  on  the  flat.  At  545  feet  a 

superiority  of  12°  or  13°  in  the  extreme  minimum  has  been  registered. 
Thus  we  find  that  at  a  height  about  equal  to  that  of  the  upper  rooms 
of  a  high  house  a  more  equable  and  drier  climate  prevails  than  near 

the  ground,  and  that  conditions  on  sloping  or  well-chosen  natural 
elevations  are  on  the  whole  similar. 

The  importance  to  delicate  persons,  and  indeed  to  the  majority  of 
people,  of  living  at  some  height  above  the  ground,  especially  in  places 
which  are  damp,  subject  to  fog,  or  to  unwholesome  emanations  from 
the  ground,  has  yet  to  be  appreciated. 

EFFECT   OF    IMPURITIES    IN    THE    AIR   OF    TOWNS    ON    MENTAL    AND 

BODILY  HEALTH. 

A  dense  population  in  manufacturing  and  other  large  towns  is  accus- 
tomed to  breathe  a  compound  mixture  in  the  air  which  in  course  of 

time  j)rofoundly  affects  the  health  of  the  race.  The  oxygen  is  deficient, 
the  ozone  absent,  carbon  dioxide  in  excess,  hydrocarbons,  animal  and 
mineral  dust,  sulphurous  acid,  chlorides,  ammonia,  and  microorganisms 
in  pernicious  abundance. 

The  small  tenements  or  crowded  rooms  produce  the  high  death  rate, 
an  enormous  proportion  of  deaths  in  childhood,  and  of  diseases  of  the 
lungs  at  all  ages.  The  best  model  dwellings,  on  the  contrary,  have  a 
lower  death  rate  than  the  mean  of  the  town,  although  the  population  to 

the  acre  is  dense.^  In  'New  York,  about  twenty-five  years  ago,  495,000 
persons  lived  in  tenement  houses  and  cellars,  most  of  them  dark,  damp, 
and  unventilated.  By  hygienic  measures,  largely  by  ventilation,  the 
death  rate  was  reduced  in  twelve  years  from  1  in  33  to  1  in  38. 

Townspeople  spend  much  more  of  their  lives  indoors  than  the  peas- 
antry. At  their  work  and  in  their  rooms  they  breathe  dust  of  many 

sorts,  particles  of  skin,  organic  poisons,  and  often  many  i^athogenic 
germs  which  would  develop  in  their  bodies  if  they  had  not  already 
passed  through  the  specific  disorder.  The  air  being  deprived  of  its 
exhilarating  power,  they  seek  stimulants  in  food  and  drink,  and  go  to 
mischievous  excess  in  the  consumption  of  animal  flesh  and  alcohol. 
Hence  many  internal  diseases.  Children  are  never  seen  of  the  right 
sturdiness  and  color  which  is  common  in  the  country.     Most  children 

1  The  corrected  deatli  rate  of  infants  in  the  dwellin.i^s,  chiefly  blocks,  of  the  Metro- 
politan Association  for  Improving  the  Dwellings  of  the  Industrious  Classes  in  Lon- 

don, has  been  for  some  years  past  much  below  the  average. 
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born  and  bred  in  the  crowded  parts  of  towns  are  sickly,  pale,  feeble, 
unnaturally  sharp  and  wizened,  their  voices  are  of  bad  quality,  and 
their  height  and  weight  deficient.  The  elder  people  become  reckless, 
often  depraved,  dirty,  and  scarcely  ever  free  from  ailments.  Their 
whole  bodily,  mental,  and  moral  nature  deteriorates.  As  a  consequence, 
it  is  difficult  for  native  townsfolk  to  obtain  emx)loyment  in  competition 
with  immigrants  from  the  country.  In  general,  policemen,  laborers, 
domestic  servants,  and  several  other  classes  of  employees  are  found  to 

be  most  fitted  for  their  duties  if  country  born,  and  thus  perpetual  immi- 
gration is  stimulated.  The  best  and  strongest  people  are  constantly 

migrating  to  the  great  towns,  bringing  their  health  and  youth  to  sup- 
ply the  demand  for  good  work,  and  reducing  the  death  rate,  so  that  the 

true  proportion  of  victims  of  town  air  and  town  conditions  fails  to  be 
realized.  As  a  matter  of  fact,  it  has  been  ascertained  that  very  few 
families  survive  in  central  London  for  more  than  four  generations,  and 
that  many  die  out  in  two  or  three  generations.  A  true  Londoner  of 

the  fifth  and  even  of  the  fourth  generation  is  rare.  A  very  large  pro- 
portion, probably  the  majority,  lose  the  fine  stock  of  health  they  brought 

with  them  from  the  country  within  two  generations.^  This  is  a  matter 
of  national  and  international  importance,  and  the  fact  should  be  clearly 
understood  by  the  public  and  by  legislators  that  the  desertion  of  the 
country  by  the  best  blood  involves  the  rapid  consumption  of  the  finest 
physical,  mental,  and  moral  qualities. 

We  have,  in  fact,  in  our  midst  areas — climates,  if  we  may  so  strain  the 
term — of  which  the  properties  come  into  close  competition  with  the  influ- 

ences of  the  tropics  in  bringing  about  the  decline  and  extirpation  of 

families.  If  the  inner  circle  of  a  great  city  were  to  exclude  immigra- 
tion for  a  generation,  the  poverty  of  its  health  resources  would  stare  it 

in  the  face,  and  the  falling  value  of  a  day's  labor  would  startle  it  into 
the  promotion  of  hygienic  reform.  Eoom  and  space  would  be  demanded 
as  a  necessity  for  the  proper  development  of  human  beings. 

The  rate  of  mortality  is  greatly  increased  by  the  bad  air  of  towns, 
and  especially  by  the  close,  foul  air  of  dwellings  and  workshops.  But 
the  rate  of  sickness  is  still  more  increased  above  that  of  the  breezy 

country.  In  one  part  of  the  parish  of  St.  George's-in-the-East,  in  Lon- 
don, there  are  nine  cases  of  sickness  to  one  death,  but  in  the  worst 

part  of  the  same  district  there  are  twenty  known  cases  of  sickness  to 
one  death,  and  a  sickness  rate  of  620  per  1,000.  There  is,  in  fact,  no 
good  health  in  the  people  of  the  crowded  streets,  unless  it  may  be  for 

1  Defining  a  Londoner  as  one  who  habitually  resides  in  London,  with  only  few 
holidays,  and  whose  great-grandparents,  grandparents,  and  parents  were  Londoners, 
it  is  exceedingly  difficult  to  find  such  a  specimen  among  5,000,000  people.  Even 
true  Londoners  of  the  third  generation  are  very  disproportionately  small  in  numbers 
and  feeble  in  health  and  strength.  These  facts,  however,  do  not  prove  that  the 
inhabitants  of  large  towns  must  of  necessity  decay  unless  recruited  from  without, 
for  with  better  homes,  houses,  more  air,  reduced  hours  of  work,  more  holidays,  and 

better  hygienic  conditions  of  suburban  as  compared  with  central  quarters,  the  pros- 
pect of  continued  vitality  greatly  improves. 
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a  short  'time  among  newcomers  from  the  country.  ̂ '  They  are  perpet- 
ually on  the  trudge  to  the  hospitals,  and  get  patched  up  again  and 

again  and  live  on."  ̂   Much  of  this  most  deplorable  state  of  things  may 
be  owing  to  excess  of  alcoholic  drink,  but  the  excess  is  in  many  cases 
the  result  of  a  demand  for  a  stimulant  which  pure  air  might  have  pre- 

vented. About  1,000,000  out  of  4,000,000  persons  are  treated  at  London 
hospitals  and  dispensaries  in  a  year,  and  probably  this  represents  fairly 
well  the  sickness  of  great  towns  in  general.  A  great  amount  of  the 
lassitude  and  idleness  of  the  lowest  population  of  cities  has  been  traced 

by  Dr.  liichardson  to  want  of  ventilation,  in  their  own  and  former  gen- 
erations. ''  Tell  them,"  said  Mr.  Chadwick,  the  great  sanitary  reformer, 

"that  when  they  hear  of  that  disease  called  consumx)tion  they  ought 
to  know  that  it  comes  constantly  from  bad  administration,  which  per- 

mits dwelling  houses  to  be  built  on  damp  and  sodden  and  rotten  sites, 
and  which  permits  industrial  workers  to  breathe,  but  not  to  live,  in  foul 
airs,  gases,  vapors,  and  dusts.  Tell  them  that  in  model  dwellings  a 

death  rate  of  15  in  the  1,000  has  replaced  one  of  30  in  the  1,000."  Dr. 
Louis  0.  Parkes,  medical  officer  for  Chelsea,  states  that  much  of  the 

anaimia,  the  pale  faces  and  disordered  digestions,  and  many  of  the  wast- 
ing diseases  of  children  in  the  great  towns  are  to  no  small  extent  due 

to  a  condition  of  atmosi)here  which  prevents  the  perfect  action  of  the 
lungs  and  the  complete  oxygenation  of  the  blood,  and  so  lowers  the  tone 
of  the  body  and  the  ability  to  repel  disease.  These  facts  ought  to  be 
impressed  upon  the  population.  In  England  it  has  been  computed  that 
the  amount  now  annually  spent  on  intoxicating  liquors  might  double 
the  actual  house  room  for  every  family. 

The  causes  of  physical  degradation  in  towns  are  no  doubt  complex, 
but  that  bad  air  and  want  of  light  are  very  powerful  factors,  is  proved 
by  the  following  considerations: 

Children  placed  in  every  respect  in  equally  good  conditions  in  town 
as  they  have  had  in  the  country,  with  the  exception  of  the  difference 
of  town  air,  in  many  cases  lose  health,  grow  pale  and  weak,  and  in  fact 
do  not  thrive  as  they  do  in  the  country.  Children  brought  up  within 
the  central  area  of  large  towns  are  less  robust  than  children  brought 
up  in  the  country;  the  children  of  the  poor  especially  suffer,  for  though 
they  may  have  the  chance  of  more  flesh  meat  and  often  of  more  food, 
the  air  they  breathe  both  without  and  within  doors  is  inferior,  and  this 
affects  them  not  only  directly,  but  indirectly,  as  through  loss  of  appetite. 
Very  many  children  in  towns  have  poor  and  unwholesome  appetites. 
Children  in  small,  crowded  towns  in  various  countries,  e.  g.,  Italy  or 
Spain,  where  the  streets  are  narrow  and  the  air  foul,  often  look 
unhealthy  and  feeble,  and  bad  air  alone,  both  in  town  and  country, 
is  known  to  give  similar  results.  Children  who  are  ailing  or  simply 
pallid  and  unhealthy,  after  the  pattern  of  the  alley,  very  soon  gain  in 
health  and  appearance  when  moved  to  country  air.  The  experience  of 
very  many  adults  is  similar  to  that  of  children,  and  they  rapidly  or 

'  Evidence  of  a  doctor  in  the  East  End  of  London. 
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gradually  lose  their  accustomed  vigor  during  a  period  of  employment 
in  crowded  or  badly  ventilated  places.  The  air  of  workshops,  printing 
rooms,  mills,  etc.,  sometimes  changes  young,  vigorous  looking  men 
almost  beyond  recognition  in  the  course  of  one  or  two  years.  Outdoor 
work  in  towns  is  far  less  pernicious,  and  if  houses  and  streets  were 
more  spacious,  and  work  x^laces  more  airy,  the  physical  degradation 
would  be  much  less  perceptible.  The  mental  and  moral  effect  of  living 
in  bad  air  can  hardly  be  estimated,  mixed  up  as  it  is  with  the  various 
other  conditions  which  generally  accompany  it.  The  wits  are  certainly 
dulled  when  oxygen  is  wanting  and  carbonic  acid  in  excess,  but  social 
contact  tends  perhaps  more  powerfully  to  sharpen  them.  Sharpness, 
cunning,  and  alertness  increase  in  towns,  but  great  work  demanding 
sustained  intellectual  effort  is  not  favored,  but  vitiated,  by  bad  air. 
In  schools,  the  loss  of  attention,  the  difficulty  of  keeping  on  long  at  a 
task,  and  the  sympathetic  weariness,  are  very  frequently  the  result  of 
bad  ventilation.  The  schoolmaster  has  great  power  to  improve  the 

quality,  or  rather  the  scope,  of  his  pupil's  brains  by  the  admission  of 
plenty  of  air.  School-masters  and  teachers  as  a  class  are  not  in  the 
list  of  healthy  occupations,  although  they  are  above  the  average  of 
strength  when  they  enter  their  profession.  The  air  they  breathe  must 
be  concerned  in  the  disorders  which  especially  attack  them.  Town  air 

seems  to  tend  to  weaken  the  power  of  the  will,  the  self-command,  and 
the  exhilarating  sense  of  freedom  and  content  which  distinguish  inde- 

pendent yeomen  or  the  peasantry  of  the  hill  country,  who  breathe  the 
vital  atmosphere.  But  here  again,  we  fail  to  discriminate  between  the 

effects  of  physical  and  of  social  differences.  Since  ̂ 'self-reverence, 
self-knowledge,  self-controP'  are  among  the  highest  human  attributes, 
and  most  essential  for  future  progress,  the  effects,  direct  and  indirect, 
of  vitiated  air  on  character  might  with  advantage  form  the  subject  of 
extended  and  carefully  conducted  scientific  inquiry. 
Intemperance  in  drink  has  been  commonly  attributed  to  foul  air 

among  other  influences.  There  can  be  no  doubt  that  many  a  man  has 
become  enfeebled  by  working  in  bad  air,  and  has  taken  to  drink  in  the 
vain  hope  of  keeping  up  his  strength,  or  with  the  deliberate  intention, 
for  the  moment  justified,  of  stimulating  his  faculties  occasionally^  when 
they  flag.  Where  the  air  has  so  little  freshness,  mind  and  body  are 
more  likely  to  crave  for  artificial  and  less  wholesome  sustenance. 
Whether  on  the  whole  the  indoor  workers  consume  more  alcohol  than 

the  outdoor  may  be  doubted,  but  the  effect  upon  them,  beyond  question, 
is  worse. 

An  investigation  of  the  effect  of  air  on  mental  qualities  might  be 
undertaken  on  the  following  lines:  A  number  of  schools  in  which 
ventilation  is  good  to  be  compared  with  schools  similar  in  class  of 
scholars,  etc.,  but  with  bad  ventilation  of  less  space,  the  character  of 
the  work  and  of  the  scholars  to  be  compared;  schools  where  great 
improvements  in  ventilation  have  been  made  to  be  examined  as  to  any 
notable  progress  following  the  improvements j  workshops  of  similar 
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classes  to  be  compared,  respectively  good  and  deficient  in  ventila- 
tion or  space^  the  results  as  regards  health,  vigor,  intemperance,  and 

efficiency. 

WIND  FORCE  AND  HEALTH  IN  A  LARGE  TOWN. 

In  an  inquiry  made  quite  recently  by  the  present  writer,  but  hitherto 
unpublished,  concerning  the  relation  between  the  health  of  London  in 
winter  and  the  force  of  the  wind,  the  conclusion  was  arrived  at  that  on 
the  whole,  the  mortality  is  greater  in  calm  than  in  windy  weather,  and 
that  there  is  much  less  variation  in  the  death  rate  during  the  i)reva- 
lence  of  strong  winds  than_  during  the  prevalence  of  gentle  winds  and 
calms.  The  period  examined  was  from  November,  1872,  to  December, 
1893.  In  January,  1890,  and  in  the  first  quarter  of  1892,  influenza 
greatly  raised  the  mortality  above  the  normal,  but  since  this  is  one  of 
the  zymotic  diseases,  of  which  the  prevalence  is  increased  by  calm 
weather,  the  figures  for  these  periods  have  not  been  omitted.  The 
months  of  October,  November,  and  December,  in  1879  and  in  18S9, 
were  the  least  windy  iDeriods  recorded,  and  each  was  followed  by  a  high 
death  rate.  Several  calm  periods  coincide  with  great  cold  and  fog,  and 
it  is  these  in  combination  which  have  the  worst  effect  upon  health  in  a 
smoky  town. 

Further  investigation  is  required  to  ascertain  which  diseases  are 
most  apt  to  spread  in  calm  weather,  and  the  relation  of  particular 
winds  to  particular  diseases. 

The  following  table  represents  roughly  and  approximately  the  rates 
of  mortality  in  the  periods  mentioned: 

Minima,  liourly  horizontal  movement  less  than  11  iniles. 

Period. 

Death  rate 
in  five 

weeks  fol- 
lowing. 

December,  1873  (22  calm  hours,  cold  and  fog)   

February,  1874  (33  hours  calm)   
November,  1874  (34  calm  hours)   

February,  1875  (no  calms)   
October  and  November,  1876  (no  calms)   

February,  1878   
December,  1878  (36  calm  hours)   

October,  November,  and  December,  1879  (131  calm  hours) 

January,  1880   

November  and  December,  1885   

February,  1886   „   

Janu  ary,  1887   
December,  1888   

January,  1889   
November  and  December,  1889   

December,  1890   

Quarter  ending  April  2, 1892   
October,  November,  and  December,  1892   

Total   25.25 
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Maxima,  hourly  horizontal  movement  more  than  15  miles. 

Period. Death 
rate. 

Death  rate 
in  five 

weeks  fol- 
lowing. 

November,  1872  (no  calms)   

January,  1873  (37  calm  hours)   

February  and  March,  1876  (no  calm  hours) . 

January  and  February,  1877  (17  calm  hours) 
November,  1877  (no  calms)   

January,  1878  (24  calm  hours)   
November  and  December,  1880   

November,  1881   

November,  1882   

January,  February,  and  March,  1883   
November  and  December,  1883   

January  and  February,  1884   
December,  1884   

February,  1885   
December,  1886   

February  and  March,  1888  -..*.   
February,  1889   

January,  1890   

Total   

22.8 

19.2 

24.6 

21.6 
22.3 

26.6 

21.9 
21.18 

21.26 
21.9 

21.23 
21.22 

21.6 

19.6 20.9 

21.2 

18.2 28.1 

24.5 
24.8 

23.4 

27.6 
25.3 

25.4 
25.0 
23.1 

23.5 

23.6 
20.4 
19.9 
23.2 

22.0 

21.8 

19.0 

18.6 21.4 

22.15 
23.1 

DEW  AND  FROST — EXHALATION  OF  VAPOR  FROM  THE  EARTH. 

From  an  investigation  conducted  by  the  present  writer  during  the 
two  summers  1891  and  1892,  the  following  were  among  the  conclusions 
arrived  at: 

Calm  or  a  light  air  is  favorable  to  dew  formation.  Wind  prevents 
the  deposition  of  much  dew  and  evaporates  much  of  what  is  formed. 
Free  radiation  or  an  exposed  situation  is,  on  the  whole,  perhaps  the 
most  effectual  cause  of  dew  on  very  many  nights  of  the  year.  In  a 
level  country  those  parts  of  a  field  which  are  least  sheltered  by  trees 
and  hedges  gain  most  dew  on  i3erfectly  calm  nights.  Those  parts  of 
any  flat  substance  with  the  most  exposure  to  the  sky  are  on  calm  nights 
most  bedewed.  The  tops  of  bushes,  posts,  railings,  pans,  etc.,  are  on 
calm  nights  more  bedewed  than  the  sides.  Greater  cold  by  greater 
radiation  in  these  cases  produces  greater  deposition.  Eadiation  from 
fine  points,  however,  is  often  not  sufficient  to  counteract  in  air  which  is 
not  very  humid  the  effect  of  the  continual  imj^act  of  air  above  the  dew- 
point  and  higher  in  temperature.  Close  to  the  ground  the  case  is  gen- 

erally different,  for  the  movement  of  air  is  less  and  the  humidity  and 
cold  greater.  With  fog  or  a  very  humid  air  the  points  are  most  bedewed. 
In  dry  weather  the  dew  is  deposited  most  on  the  leeward  side,  in  moist 
air  or  fog  on  the  windward  side  of  objects. 
Nearly  all  the  conclusions  of  Wells  were  confirmed.  But  a  very 

remarkable  amount  of  evidence  soon  accumulated  from  the  experiments 
that  a  great  proportion  of  the  dew  formed  near  the  ground  is  condensed 
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from  vapor  derived  from  the  earth.  A  large  quantity  of  dew  was  inva- 
riably found  on  clear  nights  in  the  interior  of  closed  vessels  inverted 

over  grass  and  sand,  very  little  or  none  in  vessels  inverted  over  plates 
lying  on  the  ground.  The  inverted  glasses  or  vessels,  however  much 
their  rims  were  embedded  in  the  ground,  gave  similar  results.  More 
dew  was  found  on  the  lower  surface  of  plates  of  glass  or  earthenware 
or  boards  slightly  raised  above  the  ground  than  on  the  upper  surface. 
The  lower  sides  of  stones,  slates,  glass,  and  paper  on  the  ground  were 
more  bedewed  than  the  upper  sides.  The  lower  half  of  stones  lying 
or  embedded  in  sand  was  more  often  bedewed  and  frosted  than  the 

upper  half.  The  interior  of  closed  vessels  inverted  on  the  grass  and 
covered  with  two  other  vessels  of  badly  conducting  substance  was 
thickly  bedewed,  and  the  grass  in  the  three  inclosiires  was  also  thickly 
bedewed.  The  deposit  on  the  interior  of  vessels  was  much  less  over 
dry  garden  earth  than  over  sand  or  turf.  A  great  deal  of  dew  was 
deposited  on  the  interior  of  vessels  over  dry  sand  or  dust,  the  earth 
being  somewhat  moist  an  inch  or  two  inches  below.  Pebbles,  etc., 
lying  on  a  dusty  road  became  quite  wet  underneath  early  in  the  evening, 
and  over  grass  the  underside  of  a  square  of  glass  is  clouded  soon  after 
the  grass  loses  the  sunshine.  A  very  great  difference  of  temperature 
was  found  soon  after  sunset  after  hot  days  between  the  temperature  of 
the  soil  at  a  depth  of  2  or  3  inches  and  the  temperature  of  the  air  close 
to  the  ground,  just  above  the  blades  of  grass.  On  one  evening  at 
11  p.  m.  the  temperature  of  the  exposed  grass  was  36;  of  the  soil  at  15 
inches,  C0.5. 

The  author  became  convinced  by  these  experiments  and  other  con- 
siderations, that  a  great  deal  of  dew  comes  from  vapor  from  the  soil 

and  from  i^lants,  and  at  sea  from  vapor  from  the  surface  of  the  sea;  that 
malaria  and  some  other  diseases  are  largely  caused  by  emanations  from 
the  soil  at  night  bearing  organisms  into  the  air,  which  are  then  retained 

by  the  damp  air  in  a  cold  stratum  near  the  ground,  and  that  sand  over- 
lying damp  earth  permits  air  and  vapor  to  rise  easily  through  it.  Also, 

it  became  evident  that  a  great  deal  of  soil-air  may  be  drawn  into  houses 
through  pervious  soil,  and  that  the  neighborhood  of  damp  ground  may 
be  thickly  infected  with  organisms  contained  in  the  air  and  vapor  which 
emerge  from  the  soil.  A  dry  covering  of  sandy  earth  is  not  only  little 

impediment  to  the  exhalation  of  vapor,  but  may  serve  to  protect  micro- 
organisms from  the  killing  action  of  dry  air  and  sunshine.^ 

EXHALATION   OF    GASES   AND   PARTICLES   FROM   THE   EARTH. 

It  is  generally  assumed  that  evaporation  or  distillation  of  water  gives 
rise  to  pure  vapor  and  leaves  behind  all  impurities,  but,  as  a  matter  of 
fact,  in  many  natural  conditions  this  is  far  from  being  the  case.  When 
earth  becomes  heated,  moisture  forces  its  way  as  a  vapor  through  a 

^The  author  has  treated  this  subject  more  fully  in  Trans.  Sanit.  Ins.  for  1892:  The 
Exhalation  of  Vapor  from  the  Earth, 
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porous  superficial  layer,  and  carries  witli  it  spores  or  minute  organisms 
which  have  multiplied  or  germinated  in  the  passages  through  which 

the  vapor  passes.  A  moderate  degree  of  moisture  and  rather  free  aera- 
tion of  the  soil  are  favorable  to  the  growth  of  many  kinds  of  microbes. 

We  know  that  cotton  wool,  unless  tightly  packed,  will  not  stop  the 
passage  of  microorganisms;  sand  and  porous  soil  allow  both  air  and 
water  to  pass  without  depositing  all  their  particulate  contents.  The 
filter  beds  of  water  companies  are  efficient  not  by  the  action  of  the 
sand,  but  by  the  retention  of  particulate  bodies  in  the  slimy  covering 
soon  deposited  above  the  sand. 

Cold  nights  following  hot  days  seem  to  favor  very  much  the  exhala- 
tion of  vapor  from  the  earth. 

Wind  may  very  likely  have  an  effect  in  drawing  out  the  gases  from 
the  soil,  but  this  action  is  less  imi>ortant  to  human  health,  for  malarious 
germs  are  dispersed  and  much  less  dangerous  in  windy  weather. 

Aitken  has  shown  by  his  experiments  on  the  formation  of  small,  clear 
spaces  in  dusty  air  that  bodies  warmer  than  the  air  drive  away  dust 

from  their  surfaces  and  create  the  dust-free  black  envelope  which  sur- 
rounds them.  He  further  showed  that  an  evaporating  surface  has  a 

iSimilar  influence,  and  that  dust  was  driven  more  than  twice  as  far  from 
the  wet  part  of  an  object  as  from  the  dry,  the  object  being  above  the 
temperature  of  the  air.  The  necessary  conditions  for  the  repulsive 
effect  to  be  strongly  shown  are  that  the  air  must  be  acquiring  heat  and 
moisture  from  the  surface.  Yery  little  heat  with  moisture  gives  a 
thicker  dark  x>lane  than  double  the  heat  would  do.  Dust  i)asses 

through  small  openings  with  surprising  ease 5  "any  opening  which 
admits  air  allows  the  passage  of  the  finest  particles."  The  air  contains 
enormous  multitudes  of  particles  so  small  that  the  concentrated  light 

of  the  sun  does  not  reveal  them.^  We  may  fairly  infer  from  these  facts 
that  no  inconsiderable  part  of  the  fine  dust  of  the  air,  mineral  and 
organic,  is  derived  from  below  the  surface  of  the  ground.  Some  inter- 

esting experiments  made  a  few  years  ago  showed  that  the  dust  depos- 
ited in  tightly  closed  cupboards  is  brought  in  by  the  movements  of  air 

induced  by  changes  of  temperature.  Similarly,  changes  of  tempera- 
ture must  draw  in  and  expel  fine  organic  dust  from  and  to  air  and  soil. 

The  present  writer's  observations  led  him  to  conclude  that  a  great 
quantity  of  vapor  issues  from  the  earth  even  in  dry  weather,  and  when 
the  surface  down  to  2  inches  or  more  is  dry  and  dusty  that  the  emission 
is  very  large  in  the  evening,  but  that  the  maximum  appears  to  take 
place  in  the  early  hours  of  the  morning  in  dry  weather ;  that  soon  after 
sunset  in  England  in  summer  the  temperature  of  short  grass  and  con- 

tiguous air  may  be  9^  to  15°  or  20°  colder  than  that  of  the  earth  at  a 
depth  of  1  to  15  inches,  and  that  about  sunrise  the  temperature  of  the 

top  grass  of  a  -pasture  field  may  be  20°  to  30^  colder  than  that  of  the 
earth  at  a  dejjth  of  9  to  15  inches  and  lower,  and  that  the  emission  of 

1  Formation  of  clear  spaces  in  dusty  air.     By  John  Aitken,  Proc.  Roy.  Soc,  1877. 
230A   7 
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vapor  is  very  mucli  less  through  mold  than  through  sand  or  dust. 
In  hot  climates,  such  as  India  and  Italy,  on  bare  sandy  ground  and  in 
valleys  it  seems  probable  that  the  differences  in  temperature  between 

soil  and  surface  air  may  amount  at  night  to  between  30°  and  40°,  and 
in  malarious  places  the  flow  of  impure  vapor  toward  the  surface  may 
be  equal  to  the  evaporation  from  a  marsh.  These  facts  have  a  very 
distinct  bearing  on  the  generation  and  prevalence  of  malaria,  diarrhea, 
dysentery,  and  other  diseases. 

Herr  Singer,  at  Munich,  found  that  the  maximum  temperature  of  the 

soil  (59.3)  at  4  feet  3  inches,  was  reached  on  August  24,  and  Fodor's 
results  gave  a  maximum  temperature  at  depths  between  half  a  meter 
and  1  meter  in  August.  Liebenberg  observed  that  sand  is  warmed 
throughout  more  rapidly  than  clay  and  that  the  richer  a  soil  in  organic 

matter  the  greater  its  power  of  absorbing  heat.  Pettenkofer's  obser- 
vations show  that  a  very  large  amount  of  air  is  contained  even  in  firm 

soils  and  that  effluvia  from  decomposing  organic  matter  may  pass  for 

a  long  distance  through  very  loose  soils.  Permeable  soils  are  sand- 
stones, loose  sands,  and  chalk,  and  are  generally  healthy  unless  they 

contain  much  organic  matter  or  are  superposed  upon  a  clay  or  other 

impervious  stratum  which  holds  up  the  water  near  the  surface.  Move- 
ment of  subsoil  water  of  course  greatly  affects  the  quantity  of  earth 

vapor  given  off  during  certain  periods.  The  dried  beds  of  water 

courses  are  well  adapted  for  the  evolution  of  malaria,  for  the  super- 
ficial layer  is  usually  permeable,  the  soil  contains  much  organic  matter, 

the  water  level  is  not  far  from  the  surface,  cold  air  collects  over  the 

valley  and  is  often  moist  and  stagnant.  In  the  dry  regions  of  Aus- 
tralia it  is  well  known  that  water  may  be  found  at  a  little  depth  below 

the  dry  channels  of  rivers. 

Vegetable  mold  near  the  surface  of  the  earth  is  very  rich  in  sapro- 
phytic bacteria,  and  Plugge  states  that  infusions  made  from  manured 

fields  and  garden  earth  contain  thousands  of  bacteria  in  every  drop, 

though  diluted  one  hundred  times.  But  the  observations  of  the  pres- 
ent writer  tend  to  prove  that  the  retention  of  heat  and  moisture  by 

this  kind  of  earth  is  much  greater  than  that  of  other  soils,  and  that 
much  less  emission  of  vapor  takes  place  from  it  into  the  air,  so  that 
the  organisms  which  might  be  expected  to  invade  in  excess  the  air  over 
cultivated  ground  may  in  reality  be  scarcely  capable  of  entering  it. 

GKOUND   AIR. 

The  amount  of  air  in  the  upi)er  laj-ers  of  the  earth  is  very  consider- 
able, but  varies  greatly  with  the  nature  of  the  soil.  Gravel  and  sand 

contain  a  large  quantity  of  air,  which  has  been  estimated  at  one-third 
of  its  bulk.  A  bird  has  been  experimentally  inclosed  in  a  glass  cylinder 
with  a  solid  bed  of  gravel  below  and  above  it,  and  was  not  affected,  the 
air  which  passed  through  the  earth  being  sufficient  to  maintain  life. 
The  proportion  of  carbonic   acid,  however,  in  some  soils,  especially 
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where  tliere  is  mucli  organic  debris,  much  exceeds  that  in  the  atmos- 
phere, and  would  prevent  the  success  of  such  an  experiment.  Ground 

air  passes  easily  through  earth,  especially  through  gravel  and  sand,  so 
that  in  the  neighborhood  of  decomposing  organic  matter  houses 
built  on  such  soil  are  liable  to  invasions  of  poisonous  gases.  Carbon 
monoxide  has  been  known  to  pass  20  or  30  yards  through  the  earth 
into  a  house,  causing  severe  illness.  But  the  worst  results  follow  the 
infamous  practice  which  has  been  in  vogue  at  the  outskirts  of  large 

towns  of  selling  turf  and  gravel  on  building  sites,  allowing  the  exca- 
vations to  be  filled  in  with  rubbish  and  refuse,  and  building  dwelling 

houses  over  these  sources  of  disease.  Probably  many  houses  in  towns 
where  fever  i)ersistently  breaks  out  owe  their  unwholesomeness  to 
this  cause.  Even  where  the  soil  is  natural  and  undisturbed  beneath 

the  foundations,  there  should  always  be  a  layer  of  impervious  material, 
such  as  good  Portland  cement  or  rock  asphalt,  between  the  house  and 
the  ground  J  or  else  a  good  space  through  which  the  outside  air  may 

freely  flow.  Dwellings  well  raised  above  the  ground  escape  many  dan- 
gers associated  with  ground  air,  damp,  and  drainage.  A  damp  base- 

ment is  a  frequent  source  of  trouble.  Hollow  skirtings,  casings  for 
pipes,  bell  wires,  etc.,  frequently  give  oiDportunities  not  only  to  rats 
and  mice,  but  to  deadly  gases,  to  make  their  way  into  the  apartments. 

Inquiry  is  needed  to  discover  the  actual  quantities  of  vapor  emitted 
from  different  soils  and  subsoils,  at  different  temperatures  of  air  and 
soil,  at  different  barometric  pressures,  at  different  times  of  day  and 
night,  and  at  different  seasons,  and  at  varying  levels  of  subsoil  water. 
An  examination  of  the  different  species  of  microbes  or  amoeba-like 
organisms  emitted  would  also  be  of  interest. 

EMANATION   OF   ORGANIC   PARTICLES   FROM   EYAPORATINa   FLUIDS. 

The  spread  of  infective  organisms  into  the  air  from  the  surface  of 
evaporating  liquids  is  a  subject  worthy  of  investigation.  It  has  been 
generally  stated  and  assumed  that  an  evaporating  liquid  contaminated 
with  impurities  leaves  behind  it  all  foreign  ingredients  and  passes  into 
the  air  as  pure  vapor.  This  is  very  far  from  being  universally  true,  if 

evaporation  be  understood  not  as  a  laboratory  process  carefully  con- 
ducted, but  as  a  process  subject  to  the  various  interferences  which 

must  occur  in  natural  conditions.  Evaporation  from  the  sea  may  give 
imre  vapor  into  the  air,  so  long  as  the  sea  is  tranquil  and  no  bubble 
breaks  on  the  surface,  but  the  breaking  of  waves  on  the  ocean  and  on 
the  shore,  and  the  evolution  of  gases  from  animal  and  vegetable  life 

and  organic  decay  cause  evaporation  to  be  accompanied  by  a  consider- 
able emission  of  sodium  chloride,  aiul  of  other  substances  in  solution, 

into  the  air  with  the  bursting  of  foam  and  bubbles  and  the  tearing  off 
of  spray  by  the  wind. 

Marshes  give  off  various  gases,  especially  in  the  drying  process, 
besides  vapor.     The  upward  movement  of  the  air  from  the  drying 
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ground,  tlie  generation  of  gases  in  the  viscous  fluids  and  in  tlie  earth 
below  them,  the  bursting  of  countless  small  bubbles  and  films,  the 
development  of  electricity  in  the  evaporation  of  an  impure  liquid,  the 
repulsion  of  small  particles  by  a  warm  evaporating  surface,  all  help  to 
carry  into  the  lower  air  a  large  quantity  of  microscopic  and  ultra- 
microscopic  dust.  In  a  research  made  by  the  present  writer  into  the 

diathermancy  of  thin  films  of  water  ̂   he  was  much  struck  by  the  force 
^ith  which  the  thinnest  film  snapped;  a  slightly  soapy  film  of  IJ  inches 
diameter  and  about  one-millionth  of  an  inch  in  thickness  broke  with 
an  audible  sound.  In  the  viscous  fluid  of  drying  marshes  there  must 
he  millions  of  thin  films  breaking  and  throwing  their  minute  spray 

into  the  air  which  carries  off  the  contained  organic  particles.  More- 
over, there  must  be  a  continual  evolution  of  very  small  bubbles  of  gas 

from  the  muddy  earth  through  the  liquid  above  it.  The  scattering 
force  of  small  bubbles  is  surprising.  If  a  glass  of  effervescing  water 
be  watched,  the  minute  bubbles  which  rise  to  the  surface  of  the  liquid 
will  be  seen  to  throw  x)articles  of  water  to  a  height  of  several  inches  in 
the  air.  The  smell  of  drying  marshes  probably  proceeds  not  only  from 
gases,  but  from  particulate  products.  Indeed,  many  organisms  and 

vegetable  and  animal  debris  have  been  actually  observed  microscop- 
ically in  the  air  above  marshes.  Many  living  germs  are  iDrobably 

beyond  the  range  of  visibility.  The  manner  in  which  spores  are  scat- 
tered from  the  hyphse  of  molds,  etc.,  may  represent  a  similar  process 

in  the  ejection  from  marshy  surfaces  of  various  microorganisms.  The 
formation  of  gas  bubbles  by  the  Bacillus  coli  communis  may  be  only 
one  example  out  of  many  in  which  such  action  takes  place.  This 
characteristic  of  coli  communis  has  been  used  by  Klein  as  a  mark  of 

difierentiation  between  it  and  the  bacillus  of  typhoid.^ 
The  influences,  or  some  of  them,  which  have  been  named  as  helping 

to  carry  small  organic  particles  into  the  air  over  marshes  may  be  capa- 
ble of  launching  infective  matter  from  the  lungs  and  air  passages  of 

persons  suffering  from  such  diseases  as  scarlet  fever,  measles,  dii^hthe- 
ria,  and  consumption.  Certainly  organic  matter  and  living  particles 
have  been  observed  in  the  condensed  vapor  of  breath.  Thus  walls  on 
which  the  breath  condenses  may  become  culture  grounds  for  disease 
germs  which  it  contains. 

PERMEATION   OF   BUILDINa  MATERIALS  BY  AIR  AND   VAPOR. 

The  ordinary  materials  used  for  floors  of  dwelling  houses  are  quite 
ineffectual  to  prevent  the  permeation  of  gases  and  microorganisms 
from  the  soil  into  the  air  of  the  dwelling.  By  experiments  made  with 
several  different  materials  used  for  flooring,  with  a  view  to  determine 
the  rate  at  which  air  would  pass  through  them  into  the  Torricelhan 

^Proc.  Brit.  Association,  Cardiff,  1881.    Abstract. 
2  Journal  of  Pathology  and  Bacteriology,  November,  1893  ;  Centralblatt  flir  Bakt, 

and  Parasit.,  Vol  XV,  Nos.  8  and  9.     Local  Government  Board  Reports,  1892-93. 
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vacuum  over  mercury,  it  was  ascertained  that  mortar  is  practically 
merely  a  coarse  sieve  and  permits  the  rapid  and  easy  passage  of  gases, 
that  plaster  of  paris  is  also  highly  permeable,  75  per  cent  compared 
with  mortar 5  roman  cement  permeable  to  the  extent  of  25  per  cent, 
and  Portland  and  hygienic  cement  to  the  extent  of  about  10  per  cent. 

The  rate  of  diffusion  of  gases  through  porous  septa  is,  by  Graham's  law, 
in  the  inverse  ratio  of  the  square  root  of  their  gravity.  If  the  gases 
in  the  earth  below  the  flooring  be  heavy  comi)ared  with  the  air  of  the 
room,  upward  diffusion  through  the  flooring  material  must  be  rather 

slow,  unless  other  apertures  for  the  ingress  of  outside  air  are  insuffi- 
cient to  supply  the  draft  of  fires.  When  the  ground  is  warm,  as  in 

autumn,  and  contains  certain  light  gases  and  vapor,  there  may  be 
considerable  aspiration  from  the  ground  through  the  floor  into  the 
room.  It  seems  ]3robable  that  mortar  and  other  i)orous  material  would 
permit  the  passage  or  penetration  not  only  of  gases,  but  of  microbes, 
but  that  good  cement  would  not  permit  the  passage  or  penetration  of 

microbes  to  any  important  extent.  Asphalt  is  still  better,  and  effectu- 
ally shuts  out  both  gases  and  germs.  Coal  gas  has  been  known  to 

pass  a  considerable  distance  through  the  earth  under  frozen  ground 
and  to  enter  a  house  through  the  flooring,  and  there  can  be  no  doubt 
that  much  ground  air  enters  houses  in  this  way,  especially  in  autumn 
and  winter.  A  good  concrete  layer,  4  to  6  inches  thick,  or  asphalt, 
under  every  house  would  do  much  to  diminish  diseases  caused  by 
ground  air.  The  reduction  of  two  courses  of  bricks,  which  Avould  be 
saved  by  diminisliing  the  air  space  between  floor  and  ground,  would 
partly  balance  the  additional  cost. 

MECHANICAL   VENTILATION  IN   SCHOOLS. 

From  a  paper  by  Professor  Carnelley  on  mechanical  ventilation  in 

schools.  Sir  Henry  Eoscoe  drew  the  following  conclusions,  briefly  sum- 
marized : 

By  mechanical  ventilation  the  microorganisms  were  reduced  to  one- 
tenth,  the  organic  matter  to  one-seventh,  and  the  carbon  dioxide  to  one- 
half  j  the  temperature  was  kept  higher  without  draft,  and  cold  drafts 
were  excluded.  In  badly  ventilated  schools  microbes  increase  up  to  a 
certain  point  with  increase  of  wall  space;  in  mechanically  ventilated 
schools  the  microbes  decrease  with  increase  of  space.  Scrubbing  or 
washing  floors  had  no  effect  in  reducing  the  emission  of  microbes  into 

the  air,  and  it  was  found  that  the  infection  of  a  school  with  these  organ- 
isms takes  place  very  gradually,  old  schools  being  much  more  infested 

than  new  buildings.  Similar  facts  have  been  observed  by  Miquel  as 
regards  houses.  It  is  clear  that  walls  and  floors  and  perhaps  ceilings 
also  should  be  faced  with  an  impervious  material,  adapted  for  frequent 
washing,  and  without  interstices.  As  regards  mechanical  ventilation, 
however,  it  has  not  yet  been  proved  that  proper  natural  ventilation  can 
advantageously  be  superseded. 
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The  floors  and  walls  of  rooms  must  often  be  very  suitable  culture 
grounds  for  the  microbes  of  disease.  Many  fungi  grow  upon  damp 
plaster,  damp  wall  paper,  the  interstices  of  floors,  and  upon  rough  sur- 

faces and  ledges  in  empty  and  also  in  occupied  rooms.  The  Ghcetonium 

chartatum^  for  example,  develops  on  paper  and  on  the  binding  and 
insides  of  books  wherever  they  are  near  a  damp  wall.  Paper  and  size 
are  well  adapted  to  the  settlement  and  multiplication  of  molds  and 
probably  also  of  some  pathogenic  microbes. 

Bricks,  mortar,  plaster,  and  paper  are  all  highly  porous,  and  admit 
the  passage  of  air  continually  through  them.  A  common  brick  can 
absorb  a  pound  of  water,  and  plaster  is  also  hygroscopic.  We  have, 
then,  this  condition  in  a  room,  that  it  is  surrounded  by  damp,  porous 
material,  largely  contaminated  with  organic  dust  and  gases  from  the 
interior  condensed  within  the  walls  and  in  the  flooring  or  carpets. 
The  resemblance  to  porous,  damp,  contaminated  ground  which  is  a 
known  source  of  disease,  is  sufficiently  close  to  make  it  highly  desir- 

able that  better  provision  should  be  made  (1)  against  damp  in  walls, 
(2)  against  the  penetration  of  organic  vapors  and  dust  into  the  material 
of  walls  and  into  the  interstices  of  floors,  and  (3)  for  the  easy  cleaning 
of  walls  with  soap  and  water,  and  of  floors  which  should  be  without 
interstices,  by  dry  rubbing  or  with  paraffin  or  otherwise. 

AERATION   AND   SELF-PURIFICATION   OF   RIVERS. 

The  oxygen  of  the  air  contained  in  water  has  been  supposed  to  play 
an  important  part  in  getting  rid  of  the  contamination  of  organic  sub- 

stances and  in  diminishing  the  number  of  pathogenic  microbes  in  the 
water  of  streams  used  for  drinking.  A  large  number  of  exj)eriments 
have  been  made  m  different  countries  with  the  object  of  determining 
the  degree  of  safety  with  which  water  may  be  used  for  public  supply 
which  has  run  in  the  open  air  for  various  distances  after  contamina- 

tion with  sewage  and  other  impurities. 
The  investigation  is  by  no  means  a  simple  problem,  and  where  the 

bacteria  are  found  to  have  greatly  diminished  in  number  in  the  course 

of  a  few  miles,  the  result  is  often  due  to  other  influences  besides  aera- 
tion, of  which  gradual  dying  out  of  the  organisms  is  one,  and  sedimen- 

tation commonly  the  most  efficient.  Frank's  experiments  on  the  Eiver 
Spree,  at  Berlin,  showed  that,  though  in  flowing  through  the  city,  the 
river  contained  hundreds  of  thousands  of  bacteria  in  the  cubic  centi- 

meter, the  water  some  miles  lower  contained  only  3,000  to  8,000,  about 
the  same  number  as  in  its  upper  course.  In  the  Isar,  below  Munich, 
the  number  fell  from  15,231  to  2,378  in  the  course  of  22  miles.  In  the 

Thames  and  the  Ure,  Franklaud  did  not  find  any  considerable  diminu- 
tion. The  Massachusetts  State  Board  of  Health  found  in  the  course  of 

23  miles  a  diminution  of  free  ammonia  from  1,728  to  1,299,  of  albumi- 
noid ammonia  from  826  to  382,  of  total  nitrogen  from  3,000  to  2,156,  and 
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an  increase  of  nitric  acid  from  218  to  457.  Oxidation  to  an  important 

degree  is  shown  in  this  case,  but  the  result  is  not  altogether  favorable 
to  the  efficiency  of  aeration.  In  observations  made  on  the  River  Lim- 
mat  before  and  after  passing  through  Zurich  the  following  were  the 
results : 

Outflow  from  lake 

station  1   
Sewer  outlets   

Station  4   

Station  5   

Station  6   

Station  7   

Station  8   

Station  9   

Distance 

in  kilo- meters. 

0 

1.86 
2.175 

2.485 

2.796 

3.417 
5.  903 

6.214 
8.078 

^Number 
of  bacteria 

per  cubic centimeter. 

225 

1,731 296,  670 

12, 870 
10,  892 

5,902 

4,218 2,346 
2,110 

Miquel  found  iu  the  Seine  above  Paris  a  rate  of  4,800,000  microbes 
in  the  liter;  below  Paris,  12,800,000;  in  sewer  water,  80,000,000. 

Instances  of  outbreaks  of  typhoid  through  the  use  of  river  water 
contaminated  miles  above  the  intake  are  not  rare.  Gloucester  suffered 

by  the  poisoning  of  the  river  by  Kidderminster,  20  miles  higher  up. 
A  single  case  of  typhoid  produced  the  disease  in  a  Scottish  town  by 
the  drawing  back  up  the  course  of  the  river,  owiug  to  the  obstruction 
of  a  weir,  of  the  sewage  which  had  entered  below.  At  Providence, 
E.  I.,  an  epidemic  was  caused  by  the  very  slight  pollution  of  a  large 
and  rather  rapid  stream  3J  miles  above  the  intake.  When  Lowell, 
Mass.,  has  had  a  fever  outbreak,  Lawrence,  lower  down,  has  had  a 
similar  attack  a  little  later.  The  Merrimac  River  has  given  several 
instructive  examples  of  tyi^hoid  following  pollution,  and  the  Schuylkill, 
which  is  contaminated  many  miles  above  the  intake  of  Philadelphia, 
appears  to  be  the  chief  cause  of  the  prevalence  of  the  disease  in  that 
city. 
Experiments  on  the  artificial  aeration  of  water  by  the  Massachusetts 

Board  of  Health,  and  on  natural  aeration  below  Niagara  Falls  by  Pro- 
fessor Leeds,  show  that  little  or  no  diminution  of  organic  particles,  and 

no  chemical  purification,  is  brought  about. 

Dr.  Percy  Frankland  has  found  that  various  disease-causing  bacilli 
present  no  uniformity  in  their  behavior  in  potable  water.  Many  pre- 

serve their  vitality  for  a  considerable  time — days  and  weeks — and  some, 

which  form  spores,  for  an  indefinite  time.  Gafi'key's  typhoid  bacillus 
preserves  its  vitality  even  in  distilled  water  for  about  fourteen  days. 

Altogether,  aeration  can  not  be  trusted  as  effectual  in  rendering  pol- 
luted water  fit  for  drinking,  and  the  diminutiou  of  organisms  which  to 

some  extent  does  take  place  must  be  attributed  to  other  causes. 
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ACTION   OF    BACTERIA  AND    OF   THE   AIR   IN    CONNECTION    WITH 
DECOMPOSITION    AND    PLANT    &ROWTH. 

Bacteria,  or  raicrobes  in  general,  of  an  immense  nnmber  of  different 
kinds  are  almost  ubiquitous  on  the  whole  surface  of  the  earth  and  on 
all  exposed  solids.  The  favorite  habitat  of  most  kinds  is  the  moist 
surface  of  some  substance  of  organic  origin  undergoing  decomposition. 
But  some  sorts  appear  to  flourish  on  almost  any  kind  of  solid  exposed 
to  the  air.  Thus  panes  of  glass,  rocks,  metals,  tiles,  and  sand  will 
furnish  a  crop,  the  richer,  no  doubt,  for  any  slight  deposit  from  organic 

liquids  or  gases.  The  chief  work,  and  a  very  vast  one,  of  microorgan- 
isms is  the  transformation  of  dead  organic  matter  into  "inorganic" 

substances.  All  the  dead  vegetable  and  animal  substance  lying 
exposed  or  where  air  has  access  is  being  transformed  into  mineral 
matter  by  this  agency.  Decomposition  generally  consists  of  oxidation 
by  a  class  of  microbes  which  take  their  oxygen  from  the  air,  and  then 
the  transformation  and  use  of  the  oxygenized  products  which  sink 
deeper  into  the  earth  by  another  class  of  microbes,  the  anaerobic, 
which  not  only  themselves  detach  oxygen  from  its  new  compounds, 
but  allow  of  its  being  united  with  products  which  are  formed  by 
chemical  changes  as  a  result  of  their  activity.  The  whole  process 
converts  the  nitrogenous  elements  into  ammonia,  nitrous  and  nitric 
acids,  carbonic  acid  and  water,  and  produces  also  phosphoric  acid.  It 
takes  place  most  readily  in  porous,  somewhat  moist  earth  and  at  a 
high  temperature.  It  is  a  necessary  preparation  of  the  soil  for  the 
life  of  plants.  The  active  bacteria  of  this  decomposition,  nitrification, 
or  mineralization  do  not  extend  to  any  great  depth,  generally  not  so 

deep  as  12  feet,  below  which  the  ground  is  sterile.  The  rapid  oxida- 
tion going  on  near  the  surface  leaves  little  free  oxygen  for  the  use  of 

bacteria  even  at  the  depth  of  a  few  feet.  The  decomposition  effected 
chiefly  by  the  aerobic  bacteria  in  the  upper  layers  enables  plants  to 
draw  nutriment  from  the  new  products,  and  thus  the  presence  of  air 
and  bacteria  in  the  mold  are  necessary  conditions  for  the  growth  of 
vegetation.  These  newly  discovered  facts  must  have  a  very  important 

bearing  upon  agriculture.  The  relation  of  air  supply,  soil,  tempera- 
ture, and  moisture  to  the  microbic  life  in  the  earth,  and  consequently 

to  growing  crops,  will  become  a  fruitful  subject  of  research  to  chemists, 
bacteriologists,  and  scientific  farmers. 

Most  of  the  diseases  of  plants  are  dependent  to  a  very  great  extent 
on  conditions  of  weather,  and  many  are  transported  by  the  air  to  new 
situations  where  they  spread  as  from  a  center.  Thus  they  differ  from 
the  spreading  diseases  of  animals,  which  are  not,  on  the  whole,  mainly 
affected  by  the  character  of  a  season,  and  are  not  cariied  so  far  through 
the  atmosphere.  The  number  of  plant  diseases  of  an  infectious  kind, 
depending  on  fungi  or  microbes,  is  very  great.  The  vine  alone  is 

attacked  by  more  than  a  hundred  species.  Some  species  live  in  alter- 
nate generations  on  different  plants;  thus  the  rust  of  wheat  requires 
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tbe  barberry  plant  for  one  of  its  stages  of  development.  The  spores 

of  mildews  and  microscopic  fungi  are  generally  ejected  in  great  num- 
bers and  with  some  force  into  the  air,  and  are  carried  from  plant  to 

plant,  or  field  to  fieUl,  by  the  air,  as,  for  instance,  the  potato  disease, 
Peronospora  mfestans,  and  the  mildew  of  the  coffee  plant.  Heat  and 
moisture,  dew  and  gentle  rain,  are  favorable  to  the  growth  and  spread 
of  most  diseases  of  plants.  The  fungus  of  dry  rot  grows  in  damp, 
unventilated  places  on  badly  seasoned  wood,  and  when  about  to 
produce  spores,  seeks  the  light;  its  sporangia  dry  up  and  discharge 
innumerable  spores.  The  common  ferment  of  grape  juice,  the  Saccha- 
romyces  ellipsoideuSy  grows  on  the  surface  of  the  grape,  and  when  it 
gains  access  to  the  fermenting  vats  develops  enormously  by  budding 
and  division;  when  its  development  is  hindered,  as  by  drying  up  of  the 
liquid,  spores  are  formed,  which  are  capable  of  resisting  dryness,  high 

temperature,  and  various  conditions  without  losing  their  i)ower  of  ger- 
mination. They  may  thus  be  carried  alive  to  a  new  habitat.  Tliis 

action  is  characteristic  of  a  great  number  of  ferments,  of  minute  fungi, 

and  of  microbes  generally,  and  explains  the  transmission  of  many  dis- 
eases both  of  plants  and  animals.  The  globular  spore  case  of  mold, 

such  as  api)ears  on  fruit,  jam,  bread,  etc.,  scatters  its  spores  in  all  direc- 
tions, each  spore  being  about  one  three-thousandth  of  an  inch  in  diam- 
eter. These  float  in  the  air  in  great  numbers.  The  spores  of  oidium, 

again,  a  vine  disease,  escape  into  the  air  as  fine  dust,  and  spread  with 
extreme  facility.  Tbe  sudden  appearance  of  potato  disease  in  a  field 

is  due  to  the  field  having  been  sprinkled  with  the  spores  of  the  perono- 
spora  in  dry  weather,  and  to  the  quick  development  of  the  zoospores 
when  favored  by  damp,  either  rain  or  dew.  The  smut  of  corn  produces 

extremely  light  spores,  about  one  five-thousandth  of  an  inch  in  diame- 
ter; these  float  in  the  air,  and  have  so  strong  a  resistent  power  that 

they  will  germinate  in  water  after  having  been  kept  for  years  in  a  dry 
place.  The  peziza  of  the  lily  disease  fires  off  ascospores  which  are 
carried  by  the  wind  to  rich  soil  where  they  germinate,  produce  hyph?e, 
bore  into  the  tissues  of  the  plant,  and  shed  millions  of  spores  around. 
A  disease  of  the  pine  is  associated  also  with  the  groundsel,  on  which 
the  fungus  spends  a  portion  of  its  existence.  The  hop  mildew  is  borne 
by  the  wind,  and  has  been  found  to  be  to  some  extent  averted  from 
threatened  fields  by  thick  woods  or  large  hedge  rows. 
A  great  deal  of  disease  in  plants  and  forests  is  produced  through 

wounds,  to  which  the  air  conveys  fungi  which  accelerate  decay.  The 
decomposed  organic  matter  becomes  a  suitable  soil  for  the  development 
of  fungi,  which  are  not  parasitic  on  living  parts,  and  spores  from  these 
are  very  abundant.  The  hyphse  of  the  disease  fungus  follow  up  the 
poisonous  action  of  the  juices  of  the  mold  fungus  and  spread  into  the 

contiguous  wood.  True  wound  parasites  also  alight  on  the  damp  sur- 
face of  a  cut  or  broken  branch  and  extend  their  mycelium  into  the 

living  tissues,  gradually  bringing  about  the  death  of  the  tree. 
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These  and  very  manj^  other  spreading  diseases  in  plants  can  only 
with  difficulty  be  controlled  when  their  sx)ores  are  given  off  in  large 
numbers,  and  when  the  vegetation  on  which  tjiey  alight  is  damp  or  in 
a  vulnerable  condition.  Yarious  applications  have  been  tried  to  save 
plants,  such  as  potatoes  and  vines,  from  attack,  and  though  i)artially 

successful,  they  involve  much  trouble.  The  best  security  is  the  preven- 
tion of  the  emission  of  large  numbers  of  the  disease  spores  into  the  air 

from  decaying  or  affected  plants,  and  to  cultivate  only  those  varieties 
of  plants  which  are  most  immune  from  infection.  The  extent  to  which 

plant  diseases  are  transmissible  through  the  air  has  never  been  ascer- 
taiued.  It  seems  probable  that,  with  the  exception  of  wide-spread  dis- 

ease in  exceptional  seasons,  the  diffusive  action  of  the  wind  would,  in 
general,  so  disperse  the  germs  as  to  render  them  harmless  to  healthy 

plants  not  too  near  together.  If  this  be  so,  then  the  careful  destruc- 
tion of  centers  of  infection  as  early  as  possible  would  very  greatly 

reduce  the  prevalence  and  damage  of  the  diseases  of  plants.  The 
preservation  of  fruits,  such  as  api3les,  is  only  successful  where  care  is 
taken  that  they  are  not  too  near  together,  and  that  those  attacked  are 
speedily  removed.  But  in  damp,  warm  places  the  spread  is  too  rapid 
for  such  measures  to  be  effectual.  Dry,  sterilized  air  might  be  found 

a  valuable  means  of  preserving  fruits,  vegetables,  and  provisions  gen- 
erally. 

INFLUENCE   OE   TTEATHER   ON   INSECT   PESTS. 

The  effect  of  a  i3articular  kind  of  season  on  insect  pests  is  worthy  of 

more  attention  than  it  has  hitherto  received.  The  importance  of  attack- 
ing in  time  and  as  far  as  x)ossible  destroying  the  insect  life  which, 

if  neglected,  inflicts  incalculable  damage  on  crops  and  gardens,  has 
scarcely  been  realized,  owing  to  the  blight  being  generally  regarded  as 
a  necessary  evil,  not  to  be  foreseen  or  prevented.  The  development  of 
insect  pests  is  generally  favored  by  dry  weather.  Stunting  of  the 
growth,  and  overmaturation  of  the  sap  of  plants  induce  early  changes 
in  the  maturing  and  structure  of  aphides;  the  insects  multiply  without 
the  interference  of  the  ordinary  destructive  influences  of  bad  weather, 
and  delicate  maggots,  etc.,  which  are  generally  drowned  in  very  large 
numbers  by  storms  of  rain,  emerge  unharmed.  At  the  same  time  it 

may  happen  that  corn  and  other  crops  may  be  enabled  by  earlier  hard- 
ening of  the  case,  stalks,  etc.,  to  protect  themselves  against  attacks 

which  in  wet  years  would  bring  serious  damage.  In  some  countries, 
and  in  respect  to  some  crops,  it  is  customary  to  arrange  the  date  of 
maturity  with  special  regard  to  the  protective  power  of  the  plant  and 
the  period  of  expected  attacks  from  insects.  The  whole  subject  is  at 
IDresent  too  little  under  scientific  observation,  and  great  benefit  might 

result  if  the  following  branches  of  inquiry  were  systematically  investi- 
gated: (1)  The  influence  of  different  kinds  of  weather  in  developing 

insect  pests;  (2)  the  time  of  appearance  of  crop  insects  in  different  sea- 
sons in  relation  to  the  weather,  and  the  time  at  which  crops  are  most 
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open  to  attack  Id  different  seasons,  according  to  the  weather;  (3)  the 
treatment  of  the  ground  in  drought  with  a  view  to  destroy  threatening 
pests  in  their  early  stages,  and,  in  general,  the  conduct  of  agricultural 
operations  with  regard  to  the  probable  development  of  particular  pests 
resulting  from  particular  kinds  of  weather;  (4)  the  issue  of  forecasts 
of  insect  prevalence,  derived  from  a  careful  study  of  the  habits  of 
various  species  of  insect  pests,  and  of  the  weather  of  present  and 
Ijrevious  seasons. 

ACTION   OF  PLANTS   ON   THE   AIR. 

Plants  in  general  take  up  free  oxygen  from  the  air  and  during  the 
night  exhale  a  small  quantity  of  carbon  dioxide.  They  also  give  a 
large  quantity  of  oxygen  to  the  air  by  the  breaking  up  of  carbon 
dioxide  into  carbon  and  oxygen  through  chlorophyll.  The  oxygen  is 
set  free,  while  the  carbon  is  retained.  Expeiiments  have  been  made  on 
various  plants  with  the  object  of  ascertaining  the  amount  of  oxygen 
which  they  absorbed  at  different  temperatures.  The  following  are 
some  of  the  results : 

Five  seedlings  of  Tropceolum  majiis  absorbed  1.04  cubic  centimeters 

carbon  dioxide  of  oxygen  i^er  hour  at  35°  G. 
Four  seedlings  of  wheat  absorbed  0.088  cubic  centimeter  of  oxygen 

per  hour  at  15.4°  0. 
Each  plant  has  its  temperature  of  maximum  absorption.  Wheat 

evolved  37.6  milligrams  of  carbon  dioxide  per  hour  at  40°  0.  The  maxi- 
mum amount  of  carbon  dioxide  evolved  at  the  temperatures  does  not 

correspond  with  the  maximum  of  oxygen  absorbed.  Variations  in  the 
composition  of  the  atmosi^here  do  not  interfere  with  the  respiration  of 
plants,  and  the  relations  of  the  amounts  of  these  gases  absorbed  and 
evolved,  unless  those  variations  are  extreme,  and  not  occurring  in 
natural  conditions. 

Plants  have  been  placed  under  glass  shades,  with  their  roots  immersed 
in  water  containing  free  carbonic  acid  and  certain  salts,  and  with  their 
upper  parts  exposed  to  a  north  light  in  carbon  dioxide,  hydrogen,  and 
nitrogen.  In  the  carbon  dioxide  they  did  not  thrive.  Convolvulus 

throve  very  well  in  nitrogen,  mixed  with  a  third  part  of  carbon  diox- 
ide, and  after  three  weeks  these  gases  w^ere  found  to  be  mixed  with  so 

much  oxygen  as  to  approach  the  proportions  in  the  atmosphere.  The 
power  of  plants  to  produce  in  a  closed  space  an  atmosphere  resembling 
that  of  the  globe  might  well  form  the  subject  of  research  on  a  great 
scale. 

THE  INFLUENCE  OF  FORESTS  ON  CLIMATES. 

The  influence  of  forests  on  climate  is  now  much  better  ascertained 

than  it  was  thirty  years  ago,  at  any  rate  with  regard  to  temperate 
regions.  But  the  importance  of  preserving  trees,  woods,  and  forests 
is  far  from  being  recognized  as  it  ought  to  be  by  Governments  and  by 

the  people  generally-. 



108       ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH. 

The  annual  average  temperature  within  forests  is  slightly  lower  than 
in  the  open.  The  difference  is  greatest  in  summer^  least  in  winter. 

The  day  temperature  is  less,  the  night  ten^perature  more,  than  in  the 
open.  In  summer,  a  beech  forest  is  more  effective  for  cooling  than  fir 

or  spruce.  The  soil  temperature  is  lower  in  forests,  especially  in  sum- 
mer, when  the  difference  may  amount  to  14°  F.  The  mean  annual 

relative  humidity  is  from  3J  to  10  per  cent  greater  than  in  the  open. 

Kearly  one-fourth  of  the  rainfall  is  intercepted  by  the  trees  and  evapo- 
rated or  slowly  conducted  to  the  ground.  Forests  somewhat  increase 

rainfall,  especially  on  high  ground.  The  humus  formed  from  fallen 

leaves  diminishes  the  evaporation  from  the  soil  by  more  than  one-half. 
The  whole  effect  of  forests  is  to  retain  and  more  equably  distribute  the 
moisture  throughout  the  year,  so  that  streams  flowing  from  them  are 
not  torrential,  and  not  subject  to  heavy  floods,  but  are  kept  well  and 
moderately  supplied.  By  the  prevention  of  excessive  heating  of  the 
soil  by  the  sun,  and  by  the  diminution  of  range  of  daily  temperature 
and  of  sudden  changes,  malarious  fevers  are  reduced.  The  mitigation  of 

strong  winds,  of  hot  sunshine,  of  blizzards,  and  intense  frosts  is  favor- 
able to  health,  and  generally  the  shelter  and  amenity  of  well-distributed 

woods,  copses,  and  forest  trees  are  of  great  hygienic  and  agricultural 
importance. 

CERTAIN  PHYSICAL   QUALITIES   OF   THE   ATMOSPHERE. 

It  is  a  law  of  gases  that  the  volume  of  a  given  mass  is  inversely  as 
the. pressure  5  otherwise  stated,  the  density  at  a  constant  temperature 
is  proportional  to  the  pressure.  The  resistance  to  compression,  then, 
is  proportional  to  the  pressure.  Yet  the  law  is  not  exactly  true  at 
various  pressures  and  temperatures.  Air  follows  it  very  closely.  Air 
and  nitrogen  are,  for  pressures  up  to  20  atmospheres  at  least,  more 
compressed  than  if  this  law  were  exactly  true.  Amagat,  by  a  fine 
series  of  experiments  with  a  tube  of  mercury  extending  about  1,000  feet 
into  a  deep  coal  pit,  found  that  air  is  slightly  more  compressed  up  to  a 
pressure  of  about  80  atmospheres,  and  then  begins  to  be  somewhat  less 
compressed.  At  about  400  atmospheres  the  deviation  on  the  side  of 

less  compression  is  nearly  one-fifth  of  the  volume,  the  value  pv,  or  the 
pressure  multiplied  into  volume,  being  1.1897  compared  with  the  origi- 

nal unit.  For  pressure  diminished  below  that  of  the  normal  it  appears, 
so  far  as  experiment  has  hitherto  gone,  that  the  value  ̂ ??  is  practically 

constant  down  to  at  least  one  eight-hundredth  of  an  atmosphere.  No 
determination  has  been  fully  verified  for  pressures  below  one-thousandth 
of  an  atmosphere.  The  air  at  a  height  of  90  miles  is  still  sufficiently 
dense  to  set  meteors  on  fire  by  friction,  but  can  not  exert  more  than  one 

three- thousandth  of  the  ordinary  pressure,  unless,  indeed,  the  atmos- 
phere be  surrounded  by  some  lighter  gas.  Both  air  and  meteor  are  at 

a  temperature  below  —180°  C.  before  contact  takes  place.  The  experi- 
mental difficulties  of  ascertaining  the  values  at  these  low  x)ressures  are 

exceedingly  great. 
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PEOPAaATION   OF   SOUND   IN   AIR. 

The  rate  of  propagation  of  sound  in  air  is  believed,  on  theoretical 
grounds,  to  increase  in  some  slight  proportion  with  the  intensity  of  the 
sound.  The  mean  velocity  of  the  explosion  sounds  and  air  waves  of 
Krakatoa,  in  the  eruption  of  1883,  was  about  700  miles  an  hour,  or  less 

by  about  23  miles  than  the  velocity  calculated  for  sound  in  air  at  0°  F. ; 
it  corresponded  with  the  theoretic  velocity  at  between  —20°  and  —30°  F. 
How  was  the  rate  affected  by  the  temperature  of  the  upper  air,  and  what 
mean  value  of  temperature  can  be  assumed  in  that  total  propagation? 
The  rate  of  movement  dimiuished  in  the  second  and  third  circuits  of 

this  great  air  wave  round  the  globe 5  the  rate  for  the  first  passage  in 
one  direction  was  10.23  per  hour;  for  the  last,  9.77  per  hour;  in  the 
other  direction,  10.47  and  10.27,  respectively;  so  that  a  diminution  of 
rate  with  diminishing  intensity  does  seem  to  have  occurred.  The  high 
temperature  of  the  tropics  does  not  appear  to  have  raised  the  rate,  as 
miglit  be  expected,  above  the  rate  in  the  temperate  zones.  Nor  did  the 
air  wave  travel  faster,  so  far  as  can  be  deduced,  than  ordinary  sound, 
although,  considered  as  a  very  low  note,  it  might  theoretically  be 
expected  to  do  so.  The  velocity  of  the  wave  in  the  tropics  toward  the 
east  was  retarded;  in  the  extratropics  toward  the  west  was  retarded 
toward  the  east  accelerated;  from  the  data  available  in  the  report  of 
the  Krakatoa  Committee  of  the  Royal  Society  of  London  it  appears 
that  in  the  tropics  there  was  an  excess  ot  general  movement  of  air  from 
east  to  west  of  about  14  miles  an  hour,  and  in  the  extratropics  an 
excess  of  14  miles  from  west  to  east.  Thus  the  propagation  of  the  air 
waves  throws  some  light  on  the  mean  air  movement  within  and  without 
the  tropics.  The  effect  of  cold  in  the  regions  both  of  the  South  and 
North  Poles  was  not  what  might  have  been  expected;  there  was  no 
discoverable  retardation  by  the  low  temperature.  All  these  results 
have  yet  to  be  interpreted,  but  may  perhaps  themselves  contribute 
toward  a  better  knowledge  of  the  laws  of  the  transmission  of  sound 
and  great  waves  in  air. 

The  sounds  of  Krakatoa,  which  were  audible  over  an  area  exceeding 
twice  that  of  Europe,  were  not  very  loud  in  some  places  in  the  imme- 

diate neighborhood  of  the  volcano.  It  seems  as  if  the  mass  of  falling 
ashes,  pumice,  mud,  etc.,  and  the  great  variations  of  temperature  and 
humidity  in  the  midst  of  the  hot  materials  must  have  exerted  a  pow- 

erful dulling  effect.  Strige  or  laminae  of  alternate  hot  and  cold  air 
seem  to  be  very  callable  of  diverting  and  reflecting  sound  waves. 
With  regard  to  the  conveyance  of  ordinary  sounds  in  air  in  various 

kinds  of  weather,  Professor  Tyndall  and  others  have  arrived  at  certain 
results  of  much  scientific  interest  and  i^ractical  imi)ortance.  The 
condition  of  the  air  varies  very  greatly  with  regard  to  transmission  of 
sound,  and  often  without  any  apparent  cause.  Fog,  rain,  hail,  and 
snow  do  not  sensibly  diminish  sound.     The  most  x)owerful  cause  of 
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stoppage  is  nonhomogeneity  of  atmosphere,  or  aerial  reflection  by  a 
number  of  currents,  columns,  or  laminse  of  different  density.  On  one 
day  guns  and  sirens  were  beard  at  10^  miles;  two  days  later  were 
inaudible  at  3  miles.  Water  in  the  state  of  vapor  mixed  with  air, 
in  nonhomogeneous  parcels,  acts  powerfully  in  wasting  sounds.  Not 
only  clouds,  but  layers  of  transparent  air,  may  produce  echoes  both 
intense  and  long.  The  power  of  the  particles  of  cloud  to  produce 
aubible  echoes  has  been  doubted  by  Tyndall;  but  we  may  observe  that 

a  grove  of  trees  in  leaf,  even  of  larches  and  pines,  has  a  very  strong- 
effect  in  reflecting  sound  and  in  heightening  its  pitch.  Let  any  passen- 

ger by  railway  note  the  marked  rise  of  pitch  as  the  train  i)asses 
between  woods  of  beech  or  oak.  The  sound  resembles  that  of  a  small 

cascade,  or  of  wind  among  rustling  leaves. 
The  blasts  of  the  fog  siren  have  hitherto  been  found  to  be  most 

effectual  of  all  sounds  tried  for  prolongation,  penetration,  and  small 
cost.  Its  audibility  is  good  at  a  range  of  2  miles  under  all  conditions. 
Experiments  are  still  needed  in  order  to  attain  a  higher  efficiency  in 
sound  propagation  for  maritime  and  other  purposes,  and  to  ascertain 
the  effect  of  air  in  various  conditions.  The  transmission  and  collection 

of  sound  through  a  few  miles  by  means  of  suitable  exciters,  polished 
funnels,  and  acoustic  mirrors  of  large  size  has  not  been  developed  as  it 
might  be. 

AURORA  BOREALIS  AND  AUSTRALIS. 

The  aurora  borealis  or  australis  is  very  far  from  being  understood. 
The  height  of  the  luminous  arch  has  been  variously  estimated  and 
calculated  as  between  33  and  281  miles,  and  no  doubt  greatly  varies 
in  different  latitudes  and  in  different  displays.  The  greatest  height 
estimated  was  500  miles.  But  in  high  latitudes  the  aurora  has  been 
observed  to  emerge  from  the  tops  of  hills  and  even  as  a  rule  from  the 
ocean,  but  not  from  ice  floes.  Loomis  has  given  much  information 

concerning  the  distribution  of  the  aurora  over  the  globe  in  the  Smith- 

sonian Eeport  for  1865.  'N&ar  latitude  40  in  the  United  States  only 
10  aurorse,  on  an  average,  are  seen  annually.  ISTear  latitude  42,  about 

20;  near  .45,  about  40;  and  near  50,  about  80  are  seen.  Between  lati- 
tude 50  and  62  aurorsB  are  seen  almost  every  night,  as  often  to  the 

south  as  to  the  north.  Farther  north  they  are  seldom  seen  except  in 
the  south,  and  from  this  point  northward  they  diminish  in  brilliancy 

and  fre([uency.  Near  latitude  78  the  number  is  reduced  to  10  annu- 
ally. In  the  meridian  of  St.  Petersburg  the  region  of  80  auroras  is 

found  between  66°  and  75°.  The  region  of  greatest  auroral  action  is  a 
zone  of  oval  form  encircling  the  North  Pole.  This  zone  resembles 
a  Inie  everywhere  perpendicular  to  a  magnetic  meridian.  In  Europe 
aurorae  are  much  rarer  than  in  North  America.  Some  auroral  dis- 

plays, such  as  the  remarkable  one  of  March  30,  1894,  are  visible  both 

in  Eurox3e  and  America.  It  seems  that  an  exhibition  around  one  mag- 
netic pole  is  often  simultaneous  with  a  similar  exhibition  around  the 

other  magnetic  pole  of  the  earth. 
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The  aurora  appears  to  be  the  result  of  the  agitatiou  and  vibration  of 
particles  of  air  under  the  influence  of  the  passage  of  an  electric  current, 
diverging  from  the  magnetic  polar  regions.  The  current  passes  where 
the  resisting  power  is  least,  that  is,  in  highly  rarefied  air,  dense  air 
and  a  vacuum  both  offering  too  much  resistance  to  be  used  for  the 

course  of  the  current.  It  strongly  affects  telegraph  wires  and  corre- 
sponds with  earth  currents  of  uncommon  intensity.  It  has  been  sup- 

posed by  Sabine  and  others  to  be  connected  with  disturbances  in  the 
sun,  which,  again,  depend  on  the  position  of  the  planets.  Sun  spots 
and  aurorae  were  considered  to  be  at  a  maximum  in  periods  of  eleven 
years;  aurorae  and  earth  currents  to  be  due  to  small  but  rapid  changes 

in  the  earth's  magnetism;  the  upper  conducting  strata  of  the  air  to 
behave  like  a  secondary  coil,  and  the  sun  to  act  like  a  primary  current 
which  produces  magnetic  changes  in  the  core  of  a  Euhmkorff  machine. 
There  seems  to  be  no  doubt  of  a  connection  between  the  periods  of  sun 
spots,  of  the  variation  of  the  magnetic  needle,  and  of  aurorae. 

Some  observers  have  noted  a  connection  between  these  lights  and 
great  cyclonic  storms,  but  they  are  certainly  not  always  followed  by 
bad  weather,  and  in  North  America  have  been  associated  with  clear 
skies.  Moreover,  the  height  at  which  they  traverse  the  air  renders  it 
unlikely  that  they  should  be  either  the  cause  or  effect  of  disturbances 
in  the  lower  air. 

Occasionally  the  elevation  of  m.oisture  and  cirrus  cloud  to  a  great 
height  may  afford  a  readier  than  ordinary  means  of  transit  to  electric 

currents.  Generally,  however,  cirrus  cloud  does  not  extend  to  one- 
tenth  of  the  calculated  height  of  the  aurora,  and  can  hardly  aid  in 

forming  a  passage  for  the  current.  That  some  visible  effect  of  induc- 
tion may  be  produced  on  cirrus  and  high  cirro-cumulous,  which  are 

themselves  electrified,  is  not  improbable.  The  present  writer  was  once 
greatly  struck  by  a  very  extraordinary  arrangement  of  high  cirrus  and 

cirro-cumulus  clouds  in  closely  packed,  detached,  reticulated,  and  nearly 
rectangular  compartments,  covering  the  whole  area  of  the  sky  overhead, 

from  9  to  9.50  a.  m.  on  November  17, 1882,  in  London,  and  learned  after- 
wards that  at  about  10  a.  m.  a  great  magnetic  storm  had  occurred  over 

the  country.  The  radiant  point  was  about  north.  The  appearance 
of  the  clouds  was  represented  on  jiaper  at  the  time,  and  the  diagrams 
were  afterwards  submitted  to  members  of  the  Eoyal  Meteorological 
Society. 

The  simultaneous  appearance  of  an  aurora  in  northern  Euro])e  and 

in  America  rather  discounts  the  supposed  connection  between  this  phe- 
nomenon and  the  weather,  for  changes  very  rarely  take  place  about  the 

same  time  and  in  connection  with  each  other  over  this  wide  area. 

March  and  October,  the  months  of  maximum  display,  happen  to  be 
months  which  are  often  windy  in  England.  The  cause  of  the  aurora 

is  rather  to  be  sought  in  changes  which  come  within  the  scope  of  astro- 
nomical inquiry.  The  spectroscope  has  not  given  much  information 

regarding  the  nature  of  the  substances  which  emit  the  liojht.     The 
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appearance  of  the  aurora  greatly  resembles  tlie  passage  of  voltaic  elec- 

tricity tlirougli  Geissler's  exhausted  tubes. 
Observation  is  much  needed  in  relation  to  these  matters.  The  aurora, 

from  a  meteorological  point  of  view,  is  interesting  as  a  proof  of  the 
great  height  to  which  the  atmosphere  extends.  Estimates  of  the  height 
of  the  phenomenon  exceeding  100  miles  have,  however,  not  been  fully 
verified. 

METEORS   AND   AEROLITES. 

Meteors,  or  shooting  stars,  are  within  the  domain  common  to  both 
astronomy  and  meteorology.  The  moment  they  enter  the  atmosphere 
they  are  objects  of  special  interest  to  the  meteorologist.  It  is  known 
that  they  traverse  the  air,  where  it  is  dense  enough  to  raise  them  to  a 
white  heat,  at  very  great  velocities. 
Many  calculations  have  been  made  of  the  height  of  particular  meteors 

which  have  been  observed  over  a  wide  stretch  of  country.  The  state- 

ment by  one  astronomer  many  years  ago  as  to  the  enormous  numbers^ 
which  enter  the  atmosphere  daily  has  been  repeated  so  often,  without 
confirmation  by  the  actual  observation  of  others,  that  it  would  be  well 
to  obtain  independent  values  for  particular  areas  on  which  to  base 
fresh  estimates.  The  majority  of  shooting  stars  are  probably  telescopic 
objects  and  of  very  small  dimensions,  perhaps  not  larger  than  pebbles. 
Particles  weighing  only  a  tew  grains  become  visible  to  the  naked  eye 
if  they  enter  the  air  at  a  velocity  of  40  miles  a  second.  Many  nights 
pass  in  which,  with  a  clear  sky,  only  a  very  few  shooting  stars  cross  the 
field  of  view. 

It  has  been  suggested  by  a  distinguished  astronomer  that  meteors  or 
aerolites  are  the  products  of  terrestrial  or  lunar  volcanoes,  which  have 
been  shot  out  to  so  great  a  height  that  they  escaped  from  the  retaining 

power  of  the  earth's  gravitation.  In  remote  ages  the  density  of  the 
air  and  the  amount;  of  vapor,  and  consequently  the  friction,  must  have 
been  greater  than  at  present  j  but  meteorology  offers  no  objection  to 
the  theory,  and  the  problem  of  their  terrestrial  or  extraterrestrial 
origin  is  rather  one  for  geology  to  assist  in  elucidating, 

ATMOSPHERIC   TIDES. 

There  can  be  no  doubt  that  large  tidal  effects  are  produced  in  the 
atmosphere  by  the  sun  and  moon,  but  they  are  not  easily  detected,  for 
the  barometer  only  registers  the  weight  of  the  air  and  not  the  height, 
and  the  weight  of  a  column  of  certain  height  is  diminished  under  the 

crest  of  a  tidal  wave.  Practically,  however,  solar  and  lunar  gravita- 
tion and  their  atmospheric  tides  have  no  important  influence  on  weather. 

Provisionally,  the  barometric  effect  of  the  lunar  tide  has  been  calculated 
from  observation  to  be  from  0.003  to  0.004  inch.  The  interest  of 

the  question  lies  rather  in  its  astronomical  bearing.    The  range  or 

iFour  hundred  million  lias  been  given  by  one  computation. 
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differences  of  thickness  of  tlie  stratum  of  air  tlirougli  wliicli  tlie  heav- 
enly bodies  are  viewed  must  be  considerably  greater  at  spring  tides 

than  at  the  opposite  phases. 

THE   ZODIACAL   LIGHT. 

The  zodiacal  light  still  remains  very  much  a  mystery.  It  may  be  a 
reflection,  by  a  multitude  of  exceedingly  small  and  light  solid  particles 
driven  off  from  the  sun,  of  the  solar  beams,  and,  indeed,  it  seems  highly 
probable  that  the  development  of  electricity  in  the  chromosphere  may 
be  sufficient  to  propel  small  particles  with  much  greater  force  away 
from  the  sun  than  gravitation  can  exercise  in  restraining  them.  When 
the  surface  is  large  compared  with  the  mass,  as  in  the  smallest  particles 
larger  than  molecules,  the  electric  forces  need  not  be  disproportionately 
great  to  exceed  by  many  times  the  force  of  gravitation  even  of  the  sun. 
If  the  interplanetary  spaces  be  filled  with  reflecting  and  nonreflecting 
motes  derived  from  sun,  and  moving  at  a  speed  much  exceeding  that  of 
aerolites,  we  must  suppose  that  our  atmosphere  is  always  receiving  within 
its  borders  multitudes  of  these  particles  which  are  instantly  consumed 
by  friction.  Moreover,  if  such  emission  proceeds  continually  from  the 
sun,  a  similar  process  takes  place  from  the  more  distant  stars,  and  the 
whole  of  recognized  space  is  traversed  by  small  elementary  particles 
traveling  at  an  enormous  speed.  The  phenomena  of  the  tails  of  comets 

tend  to  corroborate  this  opinion.  In  fact,  considering  the  immense  num- 
ber of  comets  in  space,  it  seems  impossible  that  such  small  particles 

can  be  absent.  Compared  with  their  extension,  their  united  mass  may 
be  very  small  indeed  within  the  orbits  of  the  planets.  Like  meteor 

swarms,  they  do  not  apparently  affect  the  motion  of  comets  or  of  plan- 
ets. None  the  less,  the  part  they  fill  in  the  economy  of  the  universe 

may  be  considerable. 

HEiaHT   OF   THE  ATMOSPHERE. 

Meteors  which  have  been  calculated  to  pass  with  ignition  through 
air  at  a  height  sometimes  as  great  as  300  miles ;  aurorse,  of  which  the 
height  has  been  estimated  by  careful  observation  sometimes  to  exceed 
281  miles;  and  the  duration  of  twilight,  with  polarizing  effects  of  the 
sky,  giving  a  height  of  198  to  212  miles,  agree  in  showing  a  much  greater 
altitude  for  the  extension  of  our  atmosphere  than  was  formerly  supposed. 
First  5  and  then  45  miles  was  generally  stated  as  the  outside  limit.  And 
we  have  to  remember  that  at  this  great  altitude  of  about  300  miles  the 
atmosphere  is  dense  enough  to  produce  very  palpable  effects.  It  would 
be  a  bold  proposition  to  assign  a  limit  to  the  atmosphere  within  1,000 
miles. 

ATMOSPHERIC  DUST  AND   THE  REFLECTION  OF  LIGHT. 

Atmospheric  dust,  or  particles  large  enough  to  arrest  the  movement 
of  light  waves,  exercise  a  very  important  function  in  the  illumination 

230a   8 
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of  the  air  and  sky,  which  would  otherwise  be  dark  except  iu  the  direc- 
tion of  the  sun,  moon,  and  stars.  The  beauty  of  land  and  sea  and  of 

atmospheric  effects  would  be  vastly  reduced  if  the  reflecting  particles 
were  absent,  and  houses  not  facing  the  direct  sunshine  would  be  incon- 

veniently dark.  Ozone  and  oxygen  molecules,  in  some  state  probably 
of  aggregation,  are  concerned  in  the  reflection  of  blue  rays,  so  that  an 
elimination  of  the  coarser  dust  would  not  entirely  darken  the  atmos- 

phere. A  complete  removal  of  reflected  rays  would  slightly  diminish 
the  terrestrial  warmth  derived  from  the  incidence  of  light  rays  from 
the  general  atmosphere,  and  slightly  increase  that  derived  from  the 
direct  rays  of  the  sun.  Invisible,  or  barely  visible^  vapor  particles  are 
probably  still  more  efficacious  in  producing  similar  effects. 

SUNLIGHT   AND   THE  EARTH'S  ATMOSPHERE — ABSORPTION  AND 
REELECTION. 

The  light  of  the  sun  which  reaches  the  earth  has  passed  through  two 
atmospheres,  one  of  the  sun  and  one  of  the  earth,  and  each  of  these 

atmospheres  robs  the  light  emitted  from  the  sun's  body  of  some  of  its 
brilliancy  and  an  unequal  proportion  of  color,  so  that  the  original  color 
of  the  sun  is  modified  by  the  successive  subtractions  from  parts  of  the 

spectrum  before  it  reaches  our  eyes.  The  sun's  atmosphere  arrests 
more  blue  rays  than  red,  and  the  light  from  the  middle  of  the  sun's 
disk  is  more  blue  than  that  which  reaches  us  from  the  limbs,  for  it  has 
to  traverse  less  of  the  solar  atmosphere.  Prof.  S.  P.  Langley  has 
shown  that  the  effect  of  the  invisible  solar  atmosphere  is  so  important 
that  its  diminution  by  a  third  part  would  cause  the  temperature  of  the 
British  Isles  to  rise  above  that  of  the  torrid  zone.  The  earth's  atmos- 

phere, also,  has  the  effect  of  scattering  many  rays,  and  principally 
those  waves  which  form  the  most  refrangible  end  of  the  visible  spec- 

trum and  gives  the  impression  of  blue.  By  the  use  of  an  exceedingly 
delicate  instrument,  at  a  height  of  15,000  feet.  Professor  Langley  was 

able  to  show  that  at  this  elevation,  where  nearly  one-half  of  the  absorb- 
ing mass  of  the  air  was  got  rid  of,  the  ray  60,  near  D,  had  grown  in 

brightness  in  the  proportion  2  to  3,  that  the  blue  end  of  the  spectrum 
had  grown  in  intensity  out  of  all  proportion  to  the  rest,  and  that  a  very 
great  length  of  invisible  spectrum  became  recognizable  beyond  the 
visible  rays  below  the  red.  The  amount  of  energy  in  this  invisible 
extension  is  much  less  than  that  of  the  much  shorter  visible  end.  The 

conclusions  to  which  Professor  Langley  arrived  as  the  result  of  his 
investigations  on  the  solar  light  was  that  the  sun  is  blue,  that  the  solar 
heat  is  greater  than  was  supposed,  and  that  the  total  loss  by  absorption 
in  the  atmosphere  is  nearly  double  what  had  been  estimated.  The  sun 
he  calculates  to  be  competent  to  melt  a  shell  of  ice  60  yards  thick  over 
the  whole  earth  annually,  or  to  exert  1  horsepower  for  each  square 
yard  of  the  normally  exposed  surface.  The  existence  of  life  on  the 
planet,  and  esi^ecially  of  the  human  race,  must  clearly  be  dependent 
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on  the  capacity  of  the  atmosphere  for  modifying  and  absorbing  the 
radiant  energy  of  the  sun. 
An  investigation  of  the  principal  elements  concerned  in  arresting 

and  reflecting  the  sun's  rays  would  yield  results  of  much  interest.  The 
absorptive  and  reflecting  capacity  of  vapor  in  the  free  air  has  not  been 
determined.  The  power  of  any  constituents  of  the  air,  e.  g.,  ozone  and 
ammonia,  apart  from  dust  particles,  to  scatter  the  rays  of  light,  is  not 
known.  The  reasons  of  the  variations  in  radiation  from  the  surface  of 

the  earth  on  different  days  when  the  weather  continues  clear  and  appar- 
ently unaltered  have  not  been  fully  made  out.  Much  information  might 

be  gained  by  regular  observation  at  two  stations,  one  on  the  summit  of 
a  high  mountain  and  one  on  the  plain  below,  of  the  radiation  value  by 

day  and  night,  and  by  comparing  the  results  with  the  weather,  humidit}^, 
and  any  meteorological  phenomena  which  might  be  connected  with 

them.  Thus,  for  instance,  a  comparison  of  the  radiation  from  the  sta- 
tions on  two  clear  days,  one  dry  and  the  other  humid,  would  give  some 

idea  of  the  effect  of  invisible  vapor  in  arresting  radiation.  If  true 
vapor  in  a  dry  state  is  found  in  the  laboratory  not  to  stop  heat  rays, 
the  inference  would  have  to  be  made  that  vapor  in  the  air  often  exists 
in  a  different  but  still  invisible  condition. 

WINDS  AND   TEMPERATURE   AT   GREAT   HEIGHTS. 

Balloon  observations  have  shown  that  a  variety  of  currents  are  often 
met  with  in  ascending  from  the  earth  to  10,000  or  20,000  feet,  and  also 
remarkable  changes  of  temperature,  not  always  in  the  direction  of  cojd. 

On  September  15,  1805,  the  air  near  the  earth  was  82^,  and  at  23,0C^0 
feet  was  15°.  On  Jnly  27,  1850,  after  passing  through  a  cloud  fully 
15,000  feet  thick,  17.1°  was  noted  at  19,685  feet,  and  — 36.2o  at  23,000 
feet.  On  July  17, 1862,  at  10,000  feet,  26o  j  at  15,000  feet,  310j  at  19,000 
feet,  42°;  then  a  little  below  this  height  only  16°.  Thus  it  seems  that 
the  air  may  be  not  seldom  divided  into  adjacent  masses  differing  by 

260  or  more.  On  March  21,  1863,  up  to  10,300  feet  the  wind  was  east, 
between  10,300  and  15,400  feet,  west;  about  15,000  feet,  northeast; 
higher  still,  southwest,  and  from  20,600  to  23,000  feet,  west.  The 
changes  of  humidity  are  also  sudden  and  great.  Eain  falls  sometimes 
4,000  feet  above  falling  snow,  at  15,000  feet.  At  37,000  feet  the  dryness 

of  the  air  indicated  an  "almost  entire  absence  of  vapor,"  yet  cirri 
floated  high  above  this  altitude.  On  July  27,  1850,  the  balloon  passed 

through  about  7,000  feet  of  ice-cold  water  particles,  and  ice  needles 
formed  only  at  — 10°.  On  March  21,  1893,  a  small  balloon  with  regis- 

tering apparatus  was  sent  up  to  a  height  much  greater  than  any  of 

which  there  was  previous  record,  and  a  temi^erature  of  — 51°  0.  Avas 
recorded  at  about  45,500  feet;  the  air  at  Vaugirard  at  the  time  being 

at  17°  0.  This  very  jDromising  experiment  of  sending  recording  bal- 
loons to  great  altitudes  seems  likely  to  lead  to  valuable  information  on 

the  condition  of  the  air  up  to  50,000  or  60,000  feet  in  various  kinds  of 
weather. 
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RANGE   OF   TEMPERATURE  AT  GREAT  HEIGHTS. 

Observations  by  mountaineers  on  tlie  Andes  and  in  the  Himalayas 
have  shown  that  the  difference  between  night  and  day  temperatures,  at 
heights  about  20,000  feet  and  over,  is  extraordinarily  great,  and  that 
changes  are  very  sudden.  The  interposition  of  a  cloud  of  ashes  from 

a  volcano  produced  on  Chimborazo  a  fall  from  50^  to  15°  F.  in  two 
hours.  The  effect  of  the  shadows  of  clouds  on  the  air  and  clouds  below 

must  be  very  considerable. 

ELECTRICITY  AT  HIGH  ALTITUDES. 

Electricity  is  highly  developed  in  the  upper  regions.  The  observa- 
tions carried  on  for  some  years  at  Pikes  Peak,  Oolo.,  14,132  feet  above 

the  sea,  and  about  8,000  feet  above  the  i)lain,  proved  that  snow  and  hail 

are  always  accompanied  by  electric  manifestations.  That  St.  Elmo's 
fire,  or  the  brush  discharge,  occurs  when  the  air  is  damp  with  rain, 
snow,  or  hail,  and  that  the  sparks  are  often  almost  continuous  in  storms 
of  snow  and  hail,  the  flakes  and  hailstones  being  highly  electrified. 

The  appearance  of  cirrus  suggests  the  shaping  of  this  cloud  by  elec- 
trical forces,  and  there  can  be  no  doubt  that  the  air  above  5  or  6  miles 

is  strongly  charged  with  electricity,  which  has  not  yet  been  experimen- 
tally accounted  for.  The  origin  is  generally  attributed  to  evaporation, 

by  which  the  evaporated  water  and  the  water  surface  take  electricities 
of  different  signs,  and  there  is  some,  but  not  sufficient,  experimental 

ground  for  the  hypothesis.  Gases  consist  of  a  vast  number  of  mole- 
cules which  may  be  considered  as  separated  from  each  other,  and  these 

can  receive  an  electric  charge  in  such  a  manner  as  to  make  the  whole 

mass  of  a  gas  so  charged  electric.  The  minute  particles  of  water  float- 
ing in  the  air,  being  better  conductors,  become  more  highly  charged  and 

present  comparatively  smaller  surfaces  with  a  denser  charge  continu- 
ally as  they  grow  in  size.  In  fine  weather  the  air  is  usually  positive, 

in  broken  weather  more  often  negative.  The  upper  air  is  considered 

to  be  positive  and  the  earth's  surface  is  negative.  Electricity  increases 
very  rapidly  with  height;  thus  Sir  W.  Thomson  found  the  potential  to 
increase  from  23  to  46  volts  for  a  rise  of  1  foot.  Clouds  in  showery 
weather  are  strongly  electrified  and  the  change  of  sign  is  often  rapid. 
In  showers  and  thunderstorms  streams  of  sparks  run  off  from  the  end 
of  an  elevated  collecting  wire,  and  sometimes  from  telegraph  wires. 
Valuable  information  for  the  forecast  of  storms  and  weather  generally 
might  be  obtained  from  observation  of  the  electric  character  and 
potential  of  clouds,  obtained  through  instruments  near  the  surface  of 
the  earth. 

ATMOSPHERIC  :!URRENTS  ABOVE  40,000  FEET. 

The  observations  of  extraneous  matter  in  the  upper  atmosphere  after 
the  eruption  of  Krakatoa,  showed  that  a  current  from  east  to  west,  of 
hurricane  force  (80  miles  an  hour),  prevailed  in  August  and  September 
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over  tlie  equatorial  region,  and  tliat  a  slower  movement  of  the  upper 
air  from  southwest  and  west  prevailed  iu  autumn  over  the  northern 
temperate  zone.  Investigation  of  the  currents  of  the  atmosphere  at 
heights  exceeding  40,000  feet  is  likely  to  lead  to  valuable  results. 
Exploring  balloons  might  even  show  the  ultimate  possibility  of  rapid 
communications  between  distant  places  by  means  of  steady  upper 
currents. 

Part  IY.— Subjects  for  Kesearch. 

The  following  subjects  for  research  seem  likely  to  yield  valuable 
results  in  connection  with  the  welfare  of  man.  The  bearing  of  some 
of  the  points  suggested  may  be  slight  or  remote,  but  are  not  on  that 
account  altogether  negligible: 

The  topographical  features  of  different  countries  in  relation  to  cli- 
mate and  weather,  and  a  comparison  of  the  effect  on  weather  and 

climate  of  similar  physiographical  features  and  circumstances  in  dif- 
ferent zones  and  climatic  areas. 

The  influences  of  forests  and  cultivation  on  weather,  on  humidity,  on 
atmospheric  electricity,  rainfall,  thunderstorms,  soil  moisture,  and  the 
flow  of  rivers. 

The  influence  of  the  radiation  from  different  soils  and  surfaces  on 

climate,  as,  for  instance,  of  grass  compared  with  fallow,  and  of  sand 
compared  with  rock  and  clay. 

The  heat  received  by  the  soil  from  the  sun  in  different  climates  and 
at  different  altitudes. 

The  intensity  of  solar  radiation  at  different  latitudes  and  altitudes. 
The  intensity  of  terrestrial  radiation  into  space  by  day  and  night  at 

different  altitudes,  and  the  temperature  of  small  objects  suspended 
at  high  altitudes  in  sunshine  and  at  night.  This  might  be  obtained 
by  exploring  balloons. 

The  temperatures  of  clouds  of  different  thickness  and  different  char- 
acter in  their  upper,  lower,  and  central  parts,  and  at  a  little  distance 

outside  them. 
The  causes  of  the  down  rush  and  increase  of  horizontal  movement  of 

the  air  often  observed  before  heavy  showers  and  hailstorms. 
The  dynamical  and  thermal  consequences  of  the  rising  and  falling  of 

masses  of  air. 

The  action  of  air  in  motion,  or  wind,  on  calm  or  stagnant  air  near 
their  bounding  surfaces;  the  manner  in  which  by  friction  and  by  impact 

masses  of  air  influence  other  masses  whether  at  rest  or  in  motion,  and 
the  effects  of  the  collision  of  meeting  masses  of  different  specific  gravity 
and  humidity. 

The  influence  of  clouds  of  various  thicknesses  and  heights  on  the 
radiation  from  the  earth's  surface. 

The  nature  of  the  vapor  or  invisible  water  screen  which  often  arrests 
radiation  on  clear  nights. 
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The  capacity  of  vapor  and  water  of  existing  in  varioas  states  in  the 
air,  and  the  reasons  for  the  great  differences  of  state  observed,  whether 
as  dry  or  wet  fog,  mist,  haze  of  several  sorts,  clouds  of  many  sorts, 
ice  particles  and  snow  crystals  of  very  many  different  forms,  snow  flakes 
of  various  shapes  and  sizes,  hailstones  of  various  shapes,  construction, 
and  sizes,  and  soft  hail,  or  graupel. 

The  temperature  of  fogs  and  of  their  bounding  edges. 
The  climatic  and  geological  effects  of  coverings  of  ice  and  snow. 
The  relation  of  the  temperature  of  oceans,  seas,  and  lakes  to  the 

climate  of  the  neighboring  parts. 
The  variations  and  ranges  of  temperature  with  height  in  different 

latitudes  and  climates. 

The  extension  of  soundings  of  the  high  atmosphere  with  thermome- 
ters and  other  instruments  by  small  balloons  on  the  plan  recently  suc- 

cessful in  Paris  or  at  Yaugirard. 

The  observation  by  means  also  of  small  balloons  and  recording  instru- 
ments of  temperatures  at  various  heights  above  the  ground  in  different 

kinds  of  weather,  say  at  2,000,  4,000,  6,000,  8,000,  10,000,  12,000,  14,000, 
16,000,  18,000,  20,000,  24,000,  and  28,000  feet.  Such  observations  may 
give  very  valuable  information  for  the  purposes  of  forecasting,  for  there 

is  reason  to  believe  that  certain  kinds  of  stormy  weather  are  charac- 
terized by  very  great  differences  between  adjacent  strata,  especially 

in  cold  weather  and  at  high  altitudes,  and  that  these  differences  are 
diagnostic  symptoms  in  many  cases.  In  fine,  settled  weather  the 
changes  are  probably  much  more  regular  with  increase  of  height. 

The  absorption,  in  air,  of  radiant  heat  of  low  refrangibility  in  differ- 
ent kinds  of  weather  both  along  horizontal  planes  and  vertically,  and 

obliquely 5  and  the  relation  of  absorption  to  actual  and  following 
weather.  The  amount  of  absorption,  which  might  easily  be  measured 
by  a  thermopile  and  galvanometer  directly  toward  a  constant  source  of 
heat,  or  by  a  bolometer,  would  be  an  interesting  subject  of  inquiry  in 
connection  with  obscure  states  of  vapor  and  water  in  the  air,  and  with 
the  forecast  of  weather. 

The  loss  of  heat  by  drops  passing  through  a  known  distance  of  air, 
both  dry  and  humid,  in  a  certain  time.  The  relation  of  the  rapidity  of 
the  loss  of  heat  to  the  size  of  the  drop,  and  the  difference  between  the 
temperatures  of  the  drops  and  of  the  air.  Similar  exi^eriments  could 
be  made  with  ice  bullets.  The  results  might  elucidate  some  points  in 
connection  with  the  evaporation  and  growth  of  raindrops  and  with  the 
growth  of  snowflakes  and  hailstones.  A  high  tower  in  frosty  weather, 
or  a  shot  tower,  might  be  convenient  for  these  experiments^  or  a  cliff 
of  sufficient  steepness  and  height. 

The  effects  of  the  mixture,  on  a  rather  large  experimental  scale,  of 
masses  of  air  of  different  temperatures,  humidities,  and  electrical 
states,  and  of  different  electrical  sign.  The  resulting  humidity,  fog 
formation,  and  electrical  state. 
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The  effects  of  mixture  of  invisible  steam  of  different  temi:)eratures, 

of  visible  steam  at  different  temperatures,  and  of  each  of  these  in  dif- 
ferent electrical  states.  The  growth  of  size,  and  the  color,  of  the  steam 

particles  and  the  effects  of  absence  and  presence  of  much  dust  or 
smoke. 

The  true  results  of  the  electrification  of  jets  of  steam  or  cloudy 
masses,  the  relation  of  the  size  of  the  deposited  vapor  particles  to  the 

electrification,  and  the  optical  effects  of  various  degrees  of  electrifica- 
tion in  air. 

The  effect  of  an  electric  field  on  the  surface  tension  of  drops  of  water, 

and  the  various  effects  of  varying  amounts  and  jproximity  of  the  elec- 
tricity of  the  charged  surface  on  drops  of  different  sizes.  When  the 

electrical  field  is  uniform  the  surface  tension  of  the  drop  is  only  slightly 
diminished,  and  the  diminution  is  independent  of  the  size  of  the  drop. 
Yery  small  drops  thus  preserve  their  high  surface  tension  in  the 
neighborhood  of  an  electric  field.  But  when  there  are  a  number  of 
charged  atoms  surrounding  the  droplets  the  effect  is  different;  the 
diminution  of  surface  tension  which  is  brought  about  varies  inversely 
as  the  square  of  the  radius  of  the  droplet.  The  whole  subject  of  the 
electrification  of  gases,  dry  and  moist,  the  electrification  of  drops  of 

water  and  their  behavior  under  electrification,  and  the  relation  of  sur- 
face tension  in  cloud  globules  and  drops  to  electricity  in  natural  condi- 

tions, requires  investigation.  The  ̂ 'cloudy  condensation"  of  steam, 
and  the  optical  effects  in  electrified  steam  have  hitherto  led  to  conflict- 

ing inferences,  and  careful  observation  has  not  yet  proved  a  diminution 

or  increase  in  the  size  of  the  water  particles  or  a  recombination  of  dis- 
sociated molecules  of  oxygen  and  nitrogen.  The  question  is  of  great 

interest  in  many  respects,  and  may  have  a  bearing  on  thunderstorms, 
rainfall,  evaporation,  and  chemical  problems. 

Shortly  stated,  there  are  three  principal  views  of  the  apparent 

action  of  electricity  on  steam.  Mr.  Aitken  believes  that  the  thick  con- 
densation, coloration,  etc.,  of  a  jet  of  electrified  steam  is  due  to  the 

prevention  of  the  coalescence  of  the  very  small  condensed  particles 
which  would  occur  without  electrification.  Mr.  Bidwell  believed  that 

the  effects  were  produced  by  the  conglomeration  under  electric  excite- 
ment of  particles  which  would  otherwise  have  evaporated  unseen,  not 

becoming  large  enough  to  cause  visible  obstruction  of  light.  These 

views  are  related  to  Lord  Eayleigh's  discoveries  on  the  behavior  of 
drops  under  electrification;  the  drops  coalesced  when  weakly,  and 
repelled  each  other  when  strongly  electrified. 

Prof.  Paul  Cams  holds  a  very  different  view,  and  considers  that  the 
condensation  effects  depend  on  the  action  on  steam  of  exceedingly 

small  particles  of  dust.  "One  may  estimate,"  he  says,  "that  pure 
dust-free,  unconfined  steam  at  100°  would  require  a  pressure  of  10 
or  more  atmospheres  to  condense  it.  Add  to  this  dust  particles  less 
than  0,000001  centimeter  in  diameter,  and  the  pressure  sinks  to  15 
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centimeters  of  mercury;  in  the  case  of  particles  of  0.00001  centimeter 

diameter  J  to  1  or  2  centimeters  of  mercury,  that  is,  to  pressure  incre- 
ments certainly  met  with  in  steam  jets.  The  fact  that  nuclei  of  a  few 

hundred  molecular  diameters  are  needed  is  the  very  feature  of  these 

experiments,  and  explains  why  smoke  and  other  coarse  material  is  use- 
less, and  why  the  condensation-producing  dust  must  be  so  highly 

specialized."  Glowing  charcoal  and  red-hot  platinum  produce  effects 
similar  to  those  of  flame,  owing,  according  to  Professor  Garus,  to  the 
escape  of  clouds  of  exceedingly  minute  particles  from  these  objects. 

'' Dust-stimulated  condensation  differs  merely  in  degree,  not  in  kind, 
from  jet  condensation  in  air,"  for  air  always  contains  fine  dust.  "Air 
nominally  purified  needs  only  a  higher  degree  of  super  saturation  to 

evoke  condensation  running  through  the  whole  gamut  of  colors."  Mr. 
Bidwell  found  the  following  substances  active  in  the  condensation  of 

the  jet:  Air,  oxygen,  or  nitrogen,  in  which  the  electrical  discharge  was 
occurring;  burning  and  incandescent  substances;  fumes  from  phos- 

phorus; hydrochloric  acid;  sulphuric  acid  vapor;  nitric  acid  vapor; 
acetic  acid  vapor.  The  following  were  inactive:  Air,  etc.,  in  which 
the  electric  discharge  had  ceased  for  about  ten  seconds ;  smoke  with- 

out fire;  bottled  phosphorus  fumes;  ozone,  steam,  alcohol  vapor;  formic 
acid  vapor;  sulphurous  acid.  Finding  that  the  effects  of  a  discharge 
in  nitrogen  and  in  oxygen  separately  were  the  same  as  in  air,  Mr. 
Bidwell  concluded  that  the  action  is  due  in  some  way  to  dissociated 
atoms  of  nitrogen  and  of  oxygen.  Eobert  Helmholtz  suggested  such 

an  explanation,  having  discovered  that  flames  and  incandescent  sub- 
stances generally  cause  dissociation  of  the  molecules  of  the  surround- 

ing air;  and  Mr.  Bidwell  hints  at  the  possibility  of  the  necessity  of  the 
presence  of  water,  as  in  so  many  chemical  reactions,  to  recombine 
dissociated  atoms. 

The  whole  subject  is  an  important  one  to  meteorology  and  merits  a 
searching  and  full  investigation. 

The  difference  of  weight  in  drops  after  falling  through  a  measured 
height  in  different  states  of  the  air,  dry  and  moist,  and  the  relation  of 
loss  or  increase  of  weight  to  size  of  drop. 

The  gain  or  loss  in  weight  of  drops  similarly  let  fall,  but  previously 

strongly  or  feebly  electrified.  These  experiments  to  be  tried  in  satu- 
rated and  in  foggy  air. 

The  increase  in  weight  and  bulk  of  particles  and  bullets  of  ice  allowed 
to  drop  through,  saturated  and  foggy  air  and  through  misty  rain  at  a 
low  temperature.  The  ice  bullets  to  be  cooled,  before  falling,  down  to 

several  degrees  below  0^  C,  and  the  effect  of  electrification  to  be  tried. 
Similar  experiments  to  be  tried  in  the  laboratory;  e.  g.,  frozen  spheres 

of  water  to  be  rotated  rapidly  through  freezing  fog  artificially  produced 
in  a  closed  space;  the  icy  spheres  and  the  fog  to  be  electrified,  and  the 

gain  in  weight  of  the  ice  sphere  to  be  noted,  also  the  relation  of  rapid- 
ity in  rotation  and  differences  of  temj)erature  and  electric  state  to  the 

observed  increase. 
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The  development  of  large  ice  crystals  to  be  attempted  in  the  labora- 
tory, such  as  sometimes  form  on  the  outside  of  hailstones.  Electrifica- 
tion, saturation  of  air,  and  great  rapidity  of  movement  would  seem 

needful. 

The  study  of  the  movement  of  convection  currents  over  a  soil  or  sur- 
face heated  to  various  degrees  above  the  temperature  of  the  air.  Smoke 

might  to  some  extent  show  the  manner  in  which  the  currents  rise  and 
the  height  to  which  they  reach  in  continuous  streams.  The  effect  of 
wind,  at  some  height  above  the  surface,  in  promoting  or  retarding  the 
unbroken  ascent  of  currents  might  be  observed,  in  connection  with 
such  phenomena  as  showers,  tornadoes,  and  the  formation  of  cumulus. 
The  effect  of  a  calm  above  a  moving  air  mass  might  similarly  be  shown 
on  a  small  scale. 

The  radiation  of  air  and  of  vapor,  separately  and  together,  and  mixed 
in  various  proportions;  also  the  absorption.  Experiment  might  give 
information  respecting  the  radiation  and  absorption  of  air  and  vapor 
in  respect  of  light  and  of  heat  in  general  of  various  refrangibility. 

The  radiative  and  absorptive  power  of  fog  or  cloud.  Experiments 

might  give  useful  results  both  in  the  laboratory  and  in  natural  condi- 
tions. The  effects  of  dust  and  smoke  mixed  with  the  fog  might  be 

observed,  and  the  comparative  loss  of  heat  in  unit  of  time  by  dusty 

or  smoky  and  dust-free  air. 
Observations  are  needed  on  the  geographical  distribution  of  thun- 

derstorms and  hailstorms,  the  influence  of  mountains,  forests,  and 
local  winds,  and  on  means  of  forecast  and  warning  against  damage. 

The  elaboration  of  plans  for  the  mechanical  use  of  wind  power  for 

pumping,  irrigation,  factories,  mills,  and  traction  or  propulsion,  and 
for  the  conversion  of  wind  power  into  electrical  energy.  The  geo- 

graphical distribution  of  wind  force,  and  the  areas  in  which  steady, 
strong  winds  blow  continually  or  for  long  periods,  need  to  be  ascer- 

tained in  order  to  place  windmills  in  economically  advantageous  posi- 
tions. The  heights  above  the  ground  at  which  wind  is  strongest 

should  also  be  ascertained. 

Mr.  Symons  notes  that  the  Hon.  E.  Abercrombie,  in  1875,  summed 
up  the  results  of  a  study  of  the  oscillations  of  the  barometer  in  thun- 

derstorms, and  concluded  that  there  are  two  classes  of  storms  in  this 

country — one  in  which  the  barometer  rises,  in  the  other  it  falls.  The 
rise  is  always  under  the  visible  storm,  and  the  greatest  rise  is  under 

the  greatest  uptake,  or  ascensional  column  of  air.  Dr.  Fines,  of  Per- 
pignan,  established  a  Redier  baragraph  in  1875,  and  in  a  memoir 
published  in  1883  gave  reproductions  of  the  traces  of  several  storms. 
He  found  that  before  heavy  rain  at  Perx)ignan  there  is  usually  (1)  a 
decrease  of  pressure  and  temperature;  (2)  with  the  rain,  sudden 
increase  of  wind,  rapid  rise  of  barometer,  and  fall  of  temperature; 
(3)  at  the  end  of  the  storm  rain,  reversal  of  the  last  three  phenomena. 

It  appears  probable  that  a  fall  of  the  barometer  before  thunder  or 
hail  storms  may  be  caused  by  the  increased  amount  of  vapor  in  the 
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columu  of  air  above  it,  and  the  rise,  in  most  cases,  is  simply  explained 
by  the  condensation  of  vapor  permitting  drier  air  to  flow  in,  and  still 
more  by  the  existence  of  a  cold,  heavy  mass  of  air  at  some  rather  high 
altitude,  which,  indeed,  is  one  of  the  main  causes  of  the  storm.  The 
barometer  may  very  probably  in  most  thunder  or  hail  storms  be  acted 
upon  oppositely  by  the  two  coexisting  conditions,  a  humid  column  of 
ascending  air  and  a  descending  block  of  upper  air  colder  than  the 
average  of  its  level.  Hence  the  mercury  is  either  stationary  or  oscil- 

lates within  narrow  limits.  The  rise  under  the  ascensional  column  may 
also  be  frequently  caused  by  the  rapid  ascent  of  a  column  of  air  which 
takes  an  appreciable  time  to  expand  to  the  lower  density  of  the  upper 
levels.  A  study  of  the  temperature  and  barometric  movements  before 

storms  of  different  kinds,  and  with  different  winds,  might  lead  to  a  use- 
ful iirognosis  of  the  course  and  character  of  storms,  tornadoes,  and 

heavy  rains. 
Observations  on  the  rate  of  change  of  ocean  temperatures  at  differ- 

ent depths  in  relation  to  the  temperature  of  the  air  and  to  the  influence 
of  currents  are  needed,  and  also  of  the  rate  of  cooling  and  warming  of 
air  currents  passing  over  a  sea  surface  of  lower  or  higher  temperature. 

Experiment  is  needed  in  extension  of  our  knowledge  respecting  the 
amount  of  ground  air  and  gases  in  various  soils,  their  expansion  under 
variations  of  atmospheric  and  ground  temperatures,  of  atmospheric 
pressure,  and  of  natural  processes  of  decomposition.  Smoking  or 
scented  substances  buried  in  the  ground  might  afford  some  useful 
information.  Also,  respecting  the  production  of  gases  by  bacteria  in 
the  soil,  the  movements  and  permeation  of  ground  air  or  gases  through 
various  soils,  the  emission  of  microbes  into  the  air  at  different  seasons 
and  hours,  and  the  density  of  microbes  in  the  air  near  the  ground. 
Also,  respecting  the  depth  in  various  soils  at  which  organic  matter 
best  undergoes  harmless  decomposition,  so  as  not  to  give  out  noxious 
products  to  the  air  to  a  degree  dangerous  to  health,  or  offensively,  so 

as  not  to  poison  wells,  and  so  as  to  be  of  maximum  benefit  in  agricul- 
ture.    The  relations  of  ground  air  to  the  ground  water. 

The  amount  of  dew  derived  from  the  earth,  directly,  in  various  tem- 
peratures, soils,  and  circumstances;  the  amount  exhaled  by  various 

plants,  and  the  amount  of  organic  matter  and  microorganic  life  in  dew 
in  particular  situations,  such  as  malarious  tracts  and  water  courses. 

The  depth  from  which  dew  may  be  derived,  as,  for  instance,  the  meas- 
urement of  the  depth  at  which  the  soil  begins  to  be  moist  on  sandy 

elevated  malarious  plateaus,  where  dew  vapor  emanates  from  the 
ground,  but  the  surface  down  to  several  inches  is  dry. 

The  discovery  of  some  means  of  determining  the  amount  of  moisture 
belonging  to  dew  proper  and  to  deposition  from  very  humid  air  on 
solids  in  certain  states  of  the  atmosphere. 

The  emission  of  solid  exceedingly  minute  particles  from  wet  evapo- 
rating and  drying  earthy  and  other  surfaces  at  different  temperatures 
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of  air  and  ground.  The  emission  of  organic  jjarticles  from  maishes 
and  drying  edges  of  pools,  etc. 

The  amount  of  organic  matter  and  number  of  microbes  ia  the  air  in 
different  situations,  hours,  and  seasons,  as,  for  instance,  in  malarious 
valleys  and  tracts,  and  on  hills  and  house  tops  compared  with  a  height 

of  3  or  4  feet  from  the  ground,  on  sandy  malarious  plains  on  still  even- 
ings, in  places  subject  to  cholera,  diarrhea,  and  rheumatism,  in  low 

meadows  and  by  river  banks  at  sunset  in  summer,  in  places  some  miles 
to  windward  and  to  leeward  of  great  towns,  in  streets,  in  old  and  new 
houses,  in  crowded  places,  in  railway  cars  and  in  cabins,  and  in  schools. 

An  investigation  of  all  the  phenomena  and  physics  of  evaporation 
from  liquid  and  solid  surfaces.  The  development  of  electricity,  the 
effects  of  differences  of  temperature,  of  surface  tension  of  slight 

impurity  and  slight  films  of  oily  matter,  the  phenomena  of  the  dust- 
free  envelope,  and  the  conditions  of  evaporation  from  the  human  body 
would  be  within  the  scope  of  the  inquiry. 

The  determination  of  the  resisting  power  (1)  in  pure  fresh  air,  and 

(2)  in  foul  or  rebreathed  air  in  a  room,  of  the  various  microbes  con- 
cerned in  various  diseases  of  an  infectious  .nature.  The  effect  of  dry- 

ness of  air,  of  sunshine,  of  the  presence  of  a  minute  trace  of  organic 
matter,  of  the  character  of  the  material,  whether  mineral  or  organic, 
on  which  tbey  rest.  The  effect  of  ozone,  of  nascent  oxygen,  and  of  the 

vapors  of  various  antiseptic  or  ̂ 'disinfecting"  substances.  The  capa- 
bility of  growth  of  various  disease  microbes  on  culture  material 

intended  to  imitate  the  organically  contaminated  walls  or  rooms,  etc., 
and  the  discovery  of  means  for  i)reventing  such  growth  and  emission 
into  the  air  of  inhabited  places.  Examination  and  culture  of  microbes 
and  experiment  on  microbes  found  on  walls  of  closely  inhabited  rooms. 
Cultivation  of  microbes  on  size  used  for  papering,  and  on  i)aper,  and  ou 

.plaster.  The  observation  of  the  number  of  microbes  in  air  over  vari- 
ous kinds  of  street  pavement.  Examination  of  systems  by  which  the 

air  of  sewers  and  drains  may  be  prevented  from  entering  dwelling 
houses,  and  of  means  by  which  the  drain  may  enter  the  sewer  from 
underneath,  so  that  the  drain  may  effectually  and  permanently  be 
sealed  by  contained  water  or  sewage. 

A  very  interesting  branch  of  research,  and  one  to  which  little  atten- 
tion has  hitherto  been  paid,  is  the  formation  of  ice  crystals,  snow,  and 

hail.  In  the  free  atmosphere,  beautiful  crystals  develop  themselves  in 

great  variety,  mostly  hexagonal  or  six-rayed,  but  some  few  with  three 
or  twelve  rays,  and  some  of  less  regular  shape.  At  least  two  hundred 
different  shaped  crystals  have  been  observed  and  drawn,  many  of  the 
most  exquisite  delicacy  and  regularity.  Often  a  single  shower  yields 
several  different  species  of  snow  crystals,  but  generally  there  is  great 
similarity  in  the  crystals  which  fall  about  the  same  time.  The  cause  of 
the  difference  in  shape  has  not  been  made  out,  and  indeed  is  not  likely 
to  be  fully  accounted  for  by  any  means  at  our  disposal,  but  the  present 
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writer  has  been  led  by  many  personal  observations  to  the  conclusion 
that  the  crystals  are  differently  developed  according  to  (1)  the  amount 
of  dust  or  nuclei  in  the  air,  (2)  the  electric  state,  (3)  the  humidity  of 
the  stratum  where  they  have  their  origin  and  of  the  lower  strata,  and 
(3)  the  suddenness  or  slowness  of  their  growth.  He  found  that  in  a 
clear  air  on  a  hill  crystals  on  vegetation  were  clearer,  simpler,  and  more 

glassy  than  in  the  rather  foggy  neighboring  valley;  that  in  the  neigh- 
borhood (10  miles)  of  London,  where  the  air  was  smoky,  the  crystals 

on  trees  were  very  much  more  feathery,  branching,  and  opaque,  and 
yielded  smoky  water  on  melting.  The  upper  air  varies  greatly  in  the 
amount  of  contained  dust  nuclei,  in  free  electricity,  and  in  differences 
of  temperature  between  strata.  A  moist  southerly  wind  beating  back 

a  cold  northeast  wind  in  England  generally  yields  broad,  heavy,  irregu- 
lar, conglomerated  flakes;  a  dry  gentle  wind,  with  uniform  conditions, 

yields  regular  crystals,  small  and  thin;  a  very  dry  and  cold  air  in  the 

early  days  of  a  severe  frost  sometimes  gives  showers  of  pellets  of  vari- 
ous sizes,  roughly  hexagonal  or  polygonal,  very  dense,  thick,  opaque, 

and  like  a  number  of  superposed  plates.  In  March,  and  sometimes  in 

April,  a  soft  hail  or  dense  pellets  of  snow  fall  in  showers  with  a  north- 
east or  north  wind,  and  dry  air,  the  showers  alternating  with  bright 

sunshine.  At  great  heights  in  the  Alps,  the  snow  in  winter  Is  small 
and  powdery;  in  summer  the  flakes  are  much  larger. 

Hail  is  often  the  result  of  a  sudden  condensation  of  very  warm,  moist 
air  by  great  reduction  of  temperature  at  a  great  height.  The  dust 
nuclei  are  soon  all  occupied  by  moisture  condensed  upon  them,  and  as 
the  vapor  falls  to  and  below  saturation  point  in  a  high  column,  it  has 

not  sufficient  nuclei  on  which  to  condense  in  cloudy  form,  and  precipi- 
tation takes  place  at  a  great  rate,  either  on  the  cloud  globules  or  on 

the  snow  crystals  which  fall  through  from  the  upper  part  of  the  cloud. 
Since  the  whole  or  a  great  portion  of  the  column  of  the  topmost  cloud 
is  below  the  freezing  point,  the  globules  as  they  come  in  contact  with 
the  falling  crystals  instantly  freeze,  and  so  the  crystal  grows  and  falls 
ever  faster,  accumulating  bands  of  ice  and  snowy  particles  according  as 
the  air  is  clear  and  saturated,  or  else  densely  cloudy,  through  which  it 
passes.  The  electric  charge  being  much  denser  comparatively  on  a 
large  drop  or  crystal  than  on  a  small  one,  and  the  vapor  pressure  being 
less,  the  hailstones  grow  very  quickly,  and  since  they  fall  rapidly 
through  very  thick  clouds,  they  add  much  ice  by  mere  impact  at  their 
base.  The  radial  structure  so  often  observed  indicates  the  origin  of 
the  hailstone  from  a  radial  snowflake  or  hexagonal  plate.  Hailstones 
of  large  size  are  produced  in  circumstances  of  great  electric  disturbance. 

Sometimes  a  hailstone  has  been  found  with  finely  developed  hexag- 
onal ice  crystals  growing  like  stalactites  from  a  matrix.  Possibly  the 

attachment  of  a  flat  hexagonal  crystal  at  a  certain  stage  in  the  fall  of 
the  hailstone  and  the  action  of  electricity  in  the  rapid  passage  through 
the  air  are  sufficient  to  account  for  these  large  ice  crystals,  but  they 
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have  not  been  observed  in  other  conditions  in  nature.  Small,  long, 

clear  crystals  are  formed  on  vegetation  in  a  clear,  moist  air  by  radia- 
tion. It  would  be  interesting  to  endeavor  experimentally  to  produce 

ice  crystals  of  large  size  by  strong  electric  charges  in  saturated  air 
below  the  freezing  point  and  in  rapid  motion. 

THE  BEARING  OF  ATMOSPHERIC  INFLUENCES  ON  PLANTS. 

The  connection  between  atmospheric  conditions  and  the  development 
of  plants,  especially  of  staple  crops,  is  strongly  realized  by  every  farmer 
in  countries  where  weather  varies  from  year  to  year.  But  the  subject 
is  an  immense  one,  and  its  branches  extend  in  many  directions,  some 
of  which  have  been  little  explored,  and  most  of  which  have  only  recently 

come  under  systematic  scientific  inquiry  in  a  few  places.  Most  valu- 
able work  on  agricultural  meteorology  has  been  done  in  the  United 

States,  in  France,  in  Germany,  and  in  England.  The  Climatology  of 
the  United  States,  by  Louis  Blodgett,  published  in  1857;  The  Signal 
Service  Tables  of  Eainfall  and  Temperature  Compared  with  Crop  Pro- 

duction; the  Compendium  of  Phenological  Observations,  by  Ihne,  in 
Sweden;  the  work  of  Lawes  and  Gilbert  at  Kothamsted,  in  England; 

Wollney's  Eesearches  in  Agricultural  Physics ;  Adamson's  and  Bous- 
songault's  various  and  interesting  observations  on  plants;  the  great 
work  of  Sachs  on  temperature  in  connection  with  plant  life;  and  Hoff" 
man's  extensive  work  in  the  same  field  afford  an  excellent  ground  for 
further  researches,  which  ought  to  be  based  as  far  as  possible  on  a 
common  plan  and  to  be  both  national  and  international. 

As  regards  temperature,  the  following  points  may  be  considered  to 
have  been  ascertained  with  respect  certainly  to  a  large  number  of 
plants  of  agricultural  value.  A  particular  temperature  or  a  narrow 
range  of  temperature  within  certain  limits  is  required  for  the  quickest 
germination  and  most  rapid  growth  of  each  kind  of  plant.  Growth  is 
retarded  in  proportion  to  the  deficiency  or  excess  of  temperature.  For 

each  plant  there  is  a  minimum  and  maximum  temperature  and  a  tem- 
perature most  favorable  to  growth.  The  sums  of  the  temperature 

required  for  a  certain  growth  of  similar  plants  in  two  places  are  in 
proportion  to  the  sum  of  the  temperatures  above  zero  at  the  places. 
Plants  in  high  northern  latitudes  grow  more  quickly  with  the  same 

temperature  than  the  same  kinds  of  plants  in  lower  latitudes.  Capa- 
bility of  resisting  cold  seems  to  increase  with  the  age  of  the  plant,  and 

plants  containing  much  water  seem  least  capable  of  resistance.  Seeds 

of  northern-grown  or  mountain-grown  plants  germinate  and  develop 
earlier  than  similar  seeds  in  warmer  situations  when  both  are  planted 

together  in  the  warmer  place.  There  must  be  a  maximum  fruit  forma- 
tion and  growth  for  some  period  of  time  best  adapted  to  the  plant  or 

crop.  Blossoming  and  ripening  of  certain  plants,  beets  and  potatoes, 
nowever  early  sown,  coincided  with  that  of  the  planting  which  took 
place  when  the  minimum  temperature  of  germination  of  the  plant  had 
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been  exceeded  by  the  ground  temperature.  This  result  discourages 

very  early  planting.  The  highest  results  in  Austria-Hungary  were 
obtained  from  both  beet  and  potato  planted  on  May  1  as  against 
earlier  and  later  dates.  When  the  necessary  earth  temperature  has 
been  reached,  then  the  seeds  should  be  planted. 

The  observation  of  ground  temperature  ought  to  be  a  very  important 
branch  of  agricultural  practice.  The  temperature  at  depths  of  IJ  to  3 
inches  should  be  taken  daily,  and  in  course  of  time,  when  observations 
and  experience  have  been  accumulated,  and  a  classification  made  of 

the  results  for  various  crops,  this  will  become  a  more  useful  and  trust- 
worthy guide  to  the  farmer  than  the  temperature  of  the  air.  The  aspect 

or  exposure,  and  also  the  character  of  the  ground,  have  of  course  to  be 
noted  in  connection  with  these  inquiries.  In  dry  ground  temperature 
Increases  in  some  ratio  according  to  the  size  of  the  particles  up  to  a 

certain  point,  and  then  decreases.  This  holds  good  for  the  warm  sea- 
son. Oscillations  of  temperature  follow  in  a  similar  relation.  In  moist 

ground  the  temperature  also  increases,  up  to  certain  limits,  with  the 
size  of  the  earth  particles,  and  the  ground  in  a  crumbly  condition  is 
warmer  than  in  a  powdery  or  fine  state  of  division.  In  the  cold  season 
the  coarser  ground  is  colder  and  follows  changes  of  temperature  more 
quickly  than  the  less  aerated  or  firmer  ground. 

Fine  earth  can  contain  more  water  than  coarse  earth,  but  also  evapo- 
rates more,  and  allows  less  water  to  sink  through  it.  Penetrability  and 

evaporation  are  frequently  inversely  related  to  each  other. 
Perhaps  some  results  of  ground  temperature  and  moisture  observa- 

tions arrived  at  by  the  present  writer  may  be  here  briefly  alluded  to, 
though  they  were  on  a  small  scale.  When  grass  or  earth  is  covered 
over  at  night  by  an  impermeable  material,  the  moisture  from  a  little 
below  the  surface  of  the  earth  exhales,  but  does  not  escape,  and  is 
deposited  on  the  undersurface  of  the  material  and  on  the  grass  blades. 
Plants  might  thus  be  kept  moist,  when  desirable,  by  a  covering  which 
could  be  removed  at  any  convenient  time  in  the  afternoon  and  replaced 
in  the  evening.  Hollows,  depressions,  and  sheltered  parts  near  the 
hedges  a;re  much  more  bedewed  on  most  nights,  excepting  the  calmest, 

than  fully  exposed  places,  and  the  intensity  of  frost  and  the  sun's  heat- 
ing effect  a  little  below  the  surface  is  also  generally  greater — in  fact, 

the  daily  and  annual  range  of  shallow-earth  temperature  is  greater, 
but  all  these  results  depend  on  the  amount  of  wind  at  night  in  the 
particular  district.  Dew,  though  copious  under  a  close  covering,  is 
very  much  below  the  normal  on  the  earth  under  loose  coverings  or 
under  trees.  Since  moisture  combined  with  frost  is  often  fatal  to  plants 
when  frost  alone  is  not,  it  is  important  to  discover  the  driest  and  airiest 
situations  for  delicate  or  early  vegetables;  if  frost  and  fog  with  calm 
are  probable,  but  if  the  climate  is  subject  to  frost,  fog,  and  wind,  or 
frost  and  wind,  a  more  sheltered  situation  is  desirable,  according  to  the 
nature  of  the  plant,  for  some  suffer  more  by  cutting  winds  and  others 
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by  freezing  fog.  Tlie  southern  border,  even  to  some  yards'  distance,  of 
a  thick,  high  hedge  of  evergreen,  such  as  holly,  is  much  warmer  than 
other  situations,  and  is  most  warm  on  sloping  ground.  Pasture  land, 
replacing  arable,  increases  the  cold  due  to  radiation  at  night,  and  also 

the  relative  humidity  near  the  ground,  for  the  dew-point  is  quickly 
reached  over  grass.  The  difference  of  temperature  between  the  top  of 
moderately  long  grass  (a  few  inches)  and  the  surface  of  the  earth  or 
bottom  of  the  blades  is  often  very  great  in  the  evening  and  night, 
10°  or  more  occasionally,  and  at  2  inches  deep  in  the  ground  the  tem- 

perature of  the  roots  of  grass,  even  in  England,  may  be  26^  higher 
than  that  of  the  blades.  The  temperature  close  to  the  surface  of  the 
earth  under  grass  rises  very  quickly  immediately  after  sunrise.  The 

temperature  at  15  inches  deep  was  high,  59°  to  62°,  and  nearly  uniform 
in  August.  These  experiments  were  made  on  sandy  soil,  and  in  the 
mold  of  a  pasture  field. 

The  relations  of  the  various  qualities  and  conditions  of  the  atmos- 
phere to  plant  growth  in  various  soils  and  situations  have  still  to  a 

great  extent  to  be  determined.  Agriculture  depends  not  only  directly, 

but  also  indirectly  on  weather.  A  certain  kind  of  season  has  a  com- 
pound effect  on  a  great  number  of  crops,  on  each  a  somewhat  different 

result,  and  this  result  has  its  effect  upon  the  crops  of  succeeding  years. 
It  may  be  favorable  to  a  weed  or  to  a  species  of  blight,  mold,  rust,  or 
parasite,  as  well  as  to  the  crop  attacked  by  such  pests,  and  the  net  gain 
or  loss  for  the  present  and  future  may  not  be  easy  to  determine.  If  a 
particular  character  of  spring  is  found  to  have  a  particular  effect,  either 

in  hardening  a  crop  for  resistance  or  in  developing  a  pest  at  some  crit- 
ical time,  or  in  rendering  the  ground  fit  for  some  other  crop  than  one  of 

which  the  planting  seems  likely  to  fail,  then  valuable  results  will  have 

been  gained.  The  co-relation  of  a  variety  of  plants,  of  birds,  of  insects, 
of  fungi,  with  each  other,  and  the  relation  of  each  of  these  to  weather 

and  season,  have  still,  for  the  most  part,  to  be  made  out.  Accurate  obser- 
vations of  the  times  of  planting,  the  times  of  gathering,  and  the  charac- 

ter of  seasons,  may  render  it  possible  for  specialists  to  inform  farmers 
with  a  large  percentage  of  success  of  the  best  time  for  their  operations 
in  various  localities.  Weather  conditions  are  exceedingly  important 

in  the  cutting  and  carrying  of  certain  crops — hay,  for  instance,  and 
there  must  be  a  particular  time  of  the  summer  which  is  most  favor- 

able for  each  district,  in  view  of  which  grass  should  be  sown  and  cut, 
without,  of  course,  any  interference  with  the  individual  judgment  as 
to  the  right  time,  which  must  vary  with  the  aspect  of  weather  and 
crop.  It  would  be  desirable  to  use  some  standard  method  of  obtaining 
the  actual  temperature  of  plants  at  a  little  height  above  the  ground, 
as  well  as  in  their  roots.  The  amounts  of  rainfall  and  the  relation  to 

plant  growth  in  various  soils  should  be  systematically  recorded.  The 

amount  of  sunlight  and  '' actinic"  energy  with  relation  to  various 
crops  has  still  to  be  investigated  on  a  large  scale  j  some  valuable 
results  have  already  been  obtained. 
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ABSORPTION  AND  EMISSION  OF  WATER  FROM  THE  LEAVES  OF 
PLANTS. 

M.  Boussingault  showed  some  years  ago  tliat  plants  absorb  from  tlie 
earth  and  exhale  to  the  air  an  enormous  quantity  of  water.  He  calcu- 

lated that  a  field  of  cauliflower,  1  hectare  in  extent,  can  emit  in  twelve 
hours  20,000  kilograms.  M.  Deherain  states  that  a  young  blade  of 
wheat  evaporates  in  one  hour  a  weight  of  water  equal  to  its  own. 
Eucalyptus  globulus  is  supposed  to  be  capable  of  evaporating  eleven 
times  the  rainfall  of  the  area  which  it  covers,  provided,  no  doubt,  that 
the  rainfall  is  not  excessively  large.  Oaks  are  also  great  evaporators 
and  grow  best  in  wet  clay.  M.  Fautrat,  inspector  of  forests,  has 
found  that  the  quantity  of  vapor  in  the  air  over  forests  is  much  greater 
than  in  the  air  over  the  open  country.  But  exact  comparative  obser- 

vations of  the  amount  of  water  evaporated  within  and  without  forest 
areas  in  various  climates  are  wanting.  Forests  have  been  planted  in 

certain  parts  of  southern  France  with  excellent  results  in  the  improve- 
ment of  health,  and  malaria  has  diminished  in  several  instances  in 

consequence  of  judicious  planting.  The  question  of  planting  in  con- 
nection with  human  health  is  a  very  important  one,  and  the  influence 

of  forests  and  trees  on  the  steadiness  of  the  water  supply  makes  it  very 
necessary  that  forests  should  be  carefully  guarded  by  the  State  in 
many  countries.  Vegetation,  large  or  small,  should  never  be  hastily 
destroyed.  Trees  and  hedges  are  very  useful  in  breaking  the  force  of 
strong  winds,  in  giving  shelter  to  animals,  and  promoting  the  growth 
of  fruit  trees  and  vegetables,  and  they  add  greatly  to  the  amenity  of 
the  country. 

The  exact  conditions  of  climate  most  suitable  to  each  kind  of  useful 

crop,  tree,  or  plant,  have  yet  to  be  determined,  though  they  are  in 
many  cases  fairly  well  known.  The  development  and  selection  of 
hardy  specimens  would  be  aided  by  trial  of  the  effect  of  transplanting 
or  obtaining  seed  from  various  climates  of  each  species  examined.  The 
gradual  acclimatization  of  plants  might,  under  scientific  inquiry,  be 
found  to  be  capable  of  furnishing  better  results  than  have  hitherto 
been  obtained. 

The  amount  of  water  collected  by  trees  from  the  air  in  misty  and 
damp  weather  has  not  been  determined,  although  in  some  districts, 
especially  where  warm,  moist  winds  from  the  sea  prevail,  with  frequent 
mist,  it  must  be  considerable. 

The  exact  manner  in  which  the  spores  of  dry  rot,  potato  disease, 
vine  diseases,  rust,  and  other  plant  fungi  are  conveyed  through  the  air, 
and  how  far  they  may  be  carried  in  a  potent  state  through  dry  and 

moist  air,  requires  investigation;  also  the  influence  of  ozone,  of  sun- 
light, and  of  drought  upon  them  when  deposited  on  their  host. 

The  relation  of  the  air  supply,  air  temperature,  and  moisture  to  the 
microbe  life  in  the  soil,  in  connection  with  the  growth  of  crops,  with 
biological  chemistry,  with  soil  emanations,  and  with  diseases. 
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The  assimilation  of  atmospheric  nitrogen  by  bacilli  connected  with 
certain  plants;  the  results  of  the  fermentation;  the  possible  synthesis 
within  the  microbe  cell  of  atmospheric  nitrogen  and  nascent  hydrogen, 
resulting  in  ammonia. 

The  influence  of  difterent  kinds  of  weather  in  developing  insect  pests, 
especially  those  which  are  destructive  to  crops.  The  cultivation  of 
crops  in  such  a  manner  as  to  render  them  as  far  as  possible  proof 
against  such  pests,  by  choice  of  varieties  best  adapted  for  resistance 
and  by  planting  and  maturing  them  at  times  least  adapted  for  insect 
attacks.  The  issue  of  forecasts  of  insect  prevalence,  derived  from  sys- 

tematic study  of  the  habits  of  noxious  insects  and  of  the  weather  of 
present  and  previous  seasons. 

Experimental  investigation  of  the  respiration  of  plants. 
Germination  of  plants;  its  dependence  on  temperature  in  a  great 

variety  of  seeds  from  different  localities  and  latitudes.  The  influence 
of  temperature  of  the  air  on  the  formation  of  chlorophyll,  and  the 
activity  of  assimilation  and  growth  in  artificial  atmospheres  differently 
composed. 

The  relation  of  wind  to  health,  as  regards  force,  direction,  and  dura- 
tion, and  with  relation  to  temperature  and  moisture.  The  health  of 

cities  as  affected  by  mean  horizontal  movements  per  hour  and  by  the 
number  of  calms;  diflerent  periods  in  the  same  cities  to  be  compared, 
and  the  same  periods  in  different  cities.  The  relation  of  wind  and 
calm  to  infectious  and  malarious  diseases,  taken  separately,  and  to 
rheumatism,  neuralgia,  bronchitis,  and  colds.  The  generally  better 
health  of  towns,  villages,  and  dwellings  in  high  situations;  how  far 

owing  to  difference  of  soil  and  how  far  to  difference  of  climate,  espe- 
cially temperature,  daily  range,  and  wind.  The  comparative  healthi- 

ness of  the  upper  stories  of  houses,  especially  as  regards  diarrhea, 
typhoid,  rheumatism,  malaria,  and  tuberculosis.  The  bodily  and 

mental  conditions,  such  as  breakdown,  fatigue,  or  depression  from  over- 
work, anxiety,  or  other  causes,  and  all  cases  of  ill  health,  in  which  (1) 

a  fine,  placid  climate  and  (2)  a  windy,  changeable,  moist  climate  is 
most  beneficial.  A  comparison  of  the  health  and  diseases  of  inhab- 

itants of  wild,  windy  climates,  such  as  those  of  northern  and  western 
Britain,  with  the  health  and  diseases  of  the  inhabitants  of  calm, 
bright  climates,  if  possible  not  far  removed  in  latitude.  A  comparison 
of  the  health  of  sailors  on  board  ships  with  good,  airy  quarters  with 
the  health  of  the  same  class  of  people  in  the  country  on  shore  in  about 
the  same  latitudes. 

MALARIA. 

The  relation  of  malaria  to  various  soils,  to  the  aeration  of  the  soil, 

height  of  water  level,  ground  respiration,  and  plant  life,  with  its  evap- 
orative power  and  emission  of  oxygen.  The  distance  to  which  malaria 

can  be  conveyed  over  land  and  sea,  and  over  fresh  water,  by  the  air 
without  losing  its  infective  power.  The  dependence  of  the  vitality  o± 
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the  organism  on  moisture  in  tlie  air,  on  temi)erature  of  the  air,  on  dark- 
ness or  light.  The  effect  of  belts  of  trees,  walls,  and  muslin  screens 

in  breaking  its  potency.  The  effect  of  dried  air,  as  in  a  room  with  a 
fire,  in  enfeebling  the  organism  and  nullifying  its  power  to  infect.  The 
effect  of  ozone  and  of  nascent  oxygen  upon  it,  and  the  effect  of  anti- 

septics such  as  thymol,  cinnamon,  toluol,  and  aromatic  vapors. 
Inquiry  into  the  infective  power,  if  any,  of  malaria  from  person  to 

person  through  the  air,  a  few  instances  having  been  recorded. 

CHOLERA. 

The  extent  to  which  cholera  may  be  regarded  as  endemic  in  parts  ot 
India  and  other  countries,  the  nature  of  the  soil  over  which  air  is 
infected,  the  most  favorable  amount  of  aeration  and  moisture  of  the 
soil,  the  atmospheric  conditions  most  favorable  to  its  growth  and  to 
its  invasion  of  the  air  and  of  persons.  The  atmospheric  conditions 
most  favorable  to  its  extension  over  Europe  and  America,  and  the 
special  precautions  needed  to  prevent  the  transport  of  the  poison  in 
such  conditions.  The  possibility  of  a  system  of  international  warn- 

ings of  the  prevalence  of  the  epidemic  at  any  centers  and  of  forecasts 
of  seasons  or  types  of  weather  in  connection  with  its  probable  spread. 

The  experimental  use  of  some  liquid,  such  as  crude  petroleum,  for  block- 
ing the  pores  of  earth  where  cholera  is  endemic,  and  preventing  the 

emission  of  germs  into  the  air.  The  effect  of  cultivation  of  various 
moisture  absorbing  and  evaporating  plants  and  trees  in  endemic  areas. 

I  YELLOW  FEVER. 

The  transmissibility  of  yellow  fever  through  the  air  from  person  to 
person  and  how  far,  and  its  dependence  on  moisture,  temperature, 

wind,  and  other  conditions  of  the  air.  The  character  of  soil  and  sur- 
face on  which  the  microbe  develops,  the  aeration  of  soil,  etc.,  and  the 

possibility  of  checking  its  growth  and  emission  into  the  air  by  spray- 
ing with  petroleum  or  some  viscous  disinfectant  or  antiseptic.  Since 

yellow  fever  germs  seem  to  be  aerobic  and  to  grow  largely  on  surfaces, 
the  treatment  of  street  surfaces,  walls,  ships,  harbors,  etc.,  in  this  way 
seems  promising. 

THE  PLAGUE,  TYPHUS,  TYPHOID,  AND  PNEUMONIA. 

The  extent  to  which  the  plague,  typhus,  typhoid,  and  pneumonia  are 
severally  capable  of  passing  through  and  infecting  in  outside  air,  and 
also  confined  air.  Their  dependence  on  infected  soils  and  surfaces, 

and  on  aerated  or  nonaerated  soils;  on  atmospheric  conditions,  espe- 
cially temperature  and  moisture,  and  on  the  seasons.  Their  depend- 

ence on  human  habits  and  previous  life,  whether  mostly  in  bad  or  in 
fresh  air.  The  influence  of  breath  poisons  on  the  growth  and  spread 
of  typhus,  and  of  drain  or  sewer  air  and  gases  on  animal  and  human 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.     131 

vulnerability  by  typlioid  and  pneumonia.  Cultivation  of  whatever 
germs  there  may  be  in  stinking  air  from  old  drains,  middens,  putrid 
sink  water,  etc.,  and  identification  of  disease  germs  if  possible. 

DIPHTHERIA. 

Examination  of  air  for  'detection  of  the  diphtheria  bacillus  over 
polluted  surfaces  of  sandy  soil,  over  ash  heaps,  decaying  vegetable  and 
animal  matter,  and  above  drain  outlets.  Relation  of  the  bacillus  to 
atmospheric  conditions  where  it  grows  on  soil,  organic  matter,  dirty 
floors,  or  walls,  etc. ;  how  far  it  is  aerobic:  how  far  it  may  jjass  through 
air  in  different  conditions,  and  how  much  it  loses  virulence  in  dry  air, 
in  moist  air,  and  in  confined  and  open  spaces.  Effect  of  exposure  or 
aeration  in  causing  it  to  form  spores,  if  any.  Effect  of  sunshine  on 
the  bacilli,  with  and  without  air  5  the  diphtheritic  poison  is  rapidly 
weakened  by  air  with  sunshine,  but  only  slowly  by  sunshine  alone. 
Effect  of  coating  a  cultivation  of  diphtheria  bacilli  with  a  very  thin 
film  of  oil  or  viscous  disinfectant,  so  as  to  prevent  growth  and  passage 

into  the  air.  The  favorable  temperature,  a  rather  low  one,  the  exclu- 
sion from  light  and  air,  and  the  presence  of  certain  other  organisms 

furnish  useful  points  of  departure  for  an  investigation  of  climatic  and 
local  conditions  of  prevalence  of  diphtheria. 

SCARLET    FEVER,    MEASLES,    WHOOPINa    COUGH,    INFLUENZA,    AND 
SMALLPOX. 

Distance  through  which  each  of  these  diseases  has  been  known  to 
pass  in  air  in  various  conditions.  Experiments  especially  with  respect 

to  vaccine  in  relation  to  the  conveyance  of  smallpox  through  long  dis- 
tances of  outer  air.  Accumulation  of  experience  and  new  observations 

on  the  virulence  of  the  lymph  in  dry  and  humid  air,  and  a  comparison 
with  the  virulence  of  pathogenic  bacilli  of  different  kinds  exposed  to 
like  surroundings.  Dependence  of  most  of  these  diseases  on  air  in 

confined  and  ill-ventilated  spaces  for  effective  spread.  How  far  can 
ventilation,  and  how  far  can  diffusion  of  ozone,  disinfectants,  and  vari- 

ous aromatic  substances  and  vapors  counteract  the  infectivity  of  the 

germs  ? 

INFECTIOUS,    CONTAGIOUS,    EPIDEMIC,    AND    ENDEMIC    DISEASES    IN 
GENERAL. 

A  full  investigation  into  the  comparative  health  of  persons  living  in 
fairly  isolated  places,  such  as  islands  or  institutions  having  little  com- 

munication with  populous  places,  would  lead  to  useful  results.  The 
occasions  of  any  outbreak  of  disease  could  probably  be  accounted  for 
and  the  medium  of  conveyance  identified.  The  degree  of  human  sus- 

ceptibility to  various  infections  could  be  much  better  made  out  than  in 

ordinary  situations.  Moreover,  those  diseases,  such  as  bronchitis,  rheu- 
matism, and  cancer,  which  do  not  seem  to  depend  for  the  most  part  on 



132     ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH^ 

infection,  but  on  constitutional  or  atmospheric  conditions,  could  be  bet- 
ter accounted  for,  tlie  possible  causes  being  few.  The  immunity  of 

children  living  in  several  large  and  very  well-managed  institutions  from 
the  ordinary  diseases  of  children  is  instructive,  and,  on  the  other  hand, 
the  frequent  prevalence  of  ophthalmia  in  pauper  schools  indicates  an 
effect  of  bad  ventilation  upon  crowded  children  of  poor  vitality.  A 
great  sanitary  authority  demonstrated  the  enormous  fall  of  mortality 

following  ventilation  of  crowded  places,  and  another  fall  following  reg- 
ular daily  head-to-foot  ablution  and  insistence  on  clean  clothing. 

A  comparison  of  different  atmospheric  or  climatic  influences  upon 
similar  branches  of  the  same  race,  through  long  and  short  periods. 
Thus  the  effect  of  moving  northward  to  a  colder  region  upon  a  branch 
of  a  race  still  established  in  low  northern  latitudes,  and  the  effect  of 
living  at  a  greater  altitude  in  several  different  parts  of  the  world  might 
be  traced,  and  the  particular  elements  in  climate  which  produce  a  change 
in  race  characteristic  might  be  to  some  extent  ascertained.  The  effect 
of  the  same  climate  upon  a  number  of  immigrants  from  different 

climates;  regard  to  be  paid  to  direct  atmospheric  action  on  the  consti- 
tution and  to  indirect  action  through  induced  change  of  habits. 

An  inquiry  into  the  most  suitable  food  for  full  health  and  mental 
efficiency  in  various  climates,  and  the  relation  generally  of  amount  and 

kind  of  food  to  climate.  How  far  simple,  unvarying  food  and  temper- 
ate and  active  habits  and  how  far  a  bracing  air  contribute  to  the  vigor 

of  mountain  people. 
The  effect  of  sea  and  mountain  air  on  the  majority  of  civilized  people 

and  brain  workers;  the  effect  of  pure  country  air  on  dwellers  in  large 
towns;  of  habitually  breathed  fresh  air  on  bodily  and  mental  health; 
and  the  possibility  of  greatly  increasing  the  alertness  and  work  power 
of  a  nation  by  better  provision  for  fresh  air  in  schools,  offices,  factories, 
workshops,  and  dwelling  houses.  The  effect  of  good  and  bad  air 
respectively  upon  tendency  to  alcoholic  intemperance.  A  comparison 
of  well  ventilated  with  badly  ventilated  schools,  and  of  schools  before 
and  after  good  ventilation,  both  as  regards  specific  maladies  and  as 
regards  mental  brightness  and  i)rogress. 

The  degeneration  of  the  natives  of  temperate  climates  when  settled 

in  tropical  countries,  and  the  grounds  for  a  belief  that  gradual  migra- 
tion in  the  course  of  generations  from  cold  to  warm  countries  mry 

enable  them  to  continue  and  flourish.  The  relative  capacity  of  families 
from  Great  Britain,  from  Australia,  from  the  I^orthern  and  from  the 

Southern  States  of  America,  and  from  the  West  Indies  of  enduring- 
tropical  climates,  such  as  those  of  India  and  Central  Africa.  The 
degree  of  toleration  of  hill  climates  in  the  tropics  by  Europeans,  and 
the  endurance  of  families. 

How  far  the  diseases  of  the  bowels,  liver,  etc.,  which  attack  settlers 
from  cold  climates  in  the  tropics,  and  how  far  diseases  of  the  lungs, 
which  attack  settlers  from  the  tropics  in  cold  climates,  are  due  to 
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microorganic  iufection  and  the  slow  or  quick  poisoning  resulting  there- 
from, or  simply  to  hot  and  cold  air,  respectively. 

The  diseases  resulting  from  chill,  both  in  hot  and  cold  climates,  and 
the  means  of  guarding  against  it. 

The  effect  of  climate,  both  direct  and  indirect,  upon  the  tendency 
to  nervous  diseases  and  mental  diseases,  and  ui)on  the  tendency  to 
suicide. 

The  influence  of  climate,  direct  and  indirect,  upon  national  character. 
The  effect  on  health  of  clear,  dry,  intensely  cold  calm  weather,  such  as 
prevails  in  high  latitudes  and  on  high  mountains,  and  the  effect  of  dry, 
hot  climates  as  distinct  from  moist.  Both  hot  and  cold  dry  climates 
seem  to  be  healthy  and  tolerable.  Separation  of  the  malarious  disease 
effects  of  hot,  moist  climates  from  the  mere  effects  of  heat  and  moisture 
of  the  air. 

An  investigation  of  the  causes  of  the  healthiness  of  cold,  wet  sum- 
mers in  western  Europe,  and  of  the  means  by  which  some  of  their 

beneficial  results  may  be  artificially  imitated. 
A  comparison  of  the  healthiness  of  the  different  seasons  in  the  same 

and  different  portions  of  the  United  States,  and  of  the  relation  of 

zymotic  and  other  diseases  to  the  condition  of  the  air,  and  to  the  tem- 
perature of  the  soil  and  of  the  ground  air.  The  variety  of  climate  and 

extent  of  surface  of  Korth  America,  and  the  great  system  of  the  Signal 
Service  make  that  country  peculiarly  adapted  for  such  an  inquiry. 

The  reasons  of  the  arrest  of  certain  spreading  diseases,  such  as  yellow 
fever  and  dengue,  by  lower  tem])erature. 

The  climates  and  qualities  of  air  most  beneficial  to  persons  suffering 
from  nervous  diseases,  nervous  irritability,  and  heart  disease.  Au 
attempt  at  a  classification  of  climates  most  suitable,  in  most  cases, 
for  each  kind  of  malady  or  ailment,  separating  as  far  as  possible  the 
purely  climatic  from  the  human  factors,  such  as  accommodation,  food, 
etc.  The  elaboration  of  a  complete  medical  climatology,  applicable  not 
only  to  persons,  robust  or  invalid,  but  to  families  and  races,  with  regard 
to  temporary  or  permanent  settlement. 

An  examination  of  the  conditions  under  which,  in  the  crowded  quar- 
ters of  large  towns,  population  deteriorates,  so  as  to  become  in  a  short 

time,  if  not  recruited  from  the  country,  physically  and  mentally 
enfeebled,  and  in  a  few  generations  almost  extinct.  The  part  played 
by  the  continual  breathing  of  bad  air,  and  by  the  crippling  produced  by 
attacks  of  various  maladies  most  rife  in  crowded  i^laces  and  bad  air. 

Contrasted  with  country  air,  town  air  contains  an  excess  of  carbon 
dioxide,  less  oxygen,  no  ozone,  many  gaseous  and  solid  impurities  and 
vai)ors  and  an  immensely  greater  number  of  motes  of  the  finest  dust. 
The  air  is  also  heated  by  pavements,  etc.,  so  as  to  become  less  bracing. 
The  parts  played  by  these  various  factors  in  diminishing  vigor  might 
be  to  some  degree  allocated. 

The  effects,  direct  or  indirect,  of  daily  or  constant  breathing  of  viti 
ated  air  on  the  mental  powers,  the  will,  self  control,  and  temperance. 
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The  effects  of  vitiated  air  on  the  mothers  of  families,  their  ability  to 
feed  their  infants,  their  strength,  and  the  health  of  their  offspring. 

The  diseases  most  prevalent  during  calm  and  during  windy  weather, 
respectively.  The  comi)arative  wholesomeness  of  similar  houses  or 
streets  in  the  most  exposed  and  most  sheltered  situations  in  towns  and 
country. 

The  Dormal  aeration  or  permeation  of  walls  and  building  materials 
by  external  air  and  by  internal  air  with  its  impurities;  the  fitness  of 
many  porous  contaminated  substances  lining  dwelling  houses  for  the 
growth  of  pathogenic  organisms. 

Eesearch  and  experiment  as  to  the  best  means  of  ventilation,  natural 
and  mechanical,  for  various  climates. 

The  elaboration  of  a  scheme  of  aero-therapeutics,  including  experi- 
ments in  oxygenation,  etc. 

The  effect,  whether  great,  slight,  or  practically  nil,  of  the  aeration 

or  exposure  to  natural  oxygen  of  contaminated  water,  and  also  of  vari- 
ous pathogenic  microbes  in  .rivers,  lakes,  and  ponds  or  reservoirs. 

The  cause  of  milk  turning  sour  in  "thundery  weather"  and  an  exam- 
ination of  air  at  such  times  with  regard  to  its  microorganic  contents, 

its  putrefactive  iufluence,  and  its  effect  not  only  on  milk,  but  on  vari- 
ous animal  and  vegetable  infusions.  Certain  kinds  of  fungi  or  germs 

which  affect  milk  may  be  enabled  to  survive  in  warm,  moist  air,  when 

they  would  be  killed  by  dry  air;  in  that  case  the  "thundery  weather'' 
would  turn  milk  sour  simply  because  the  air  is  then  commonly  warm 
and  moist. 

Animal  flesh  and  other  provisions  do  not  putrefy  or  turn  bad  for  a 
long  time  in  dry  and  desert  air;  apparently  moisture  is  necessary  in 
the  air  for  the  conveyance  of  live  microbes  and  for  their  attack  on  the 
substance. 

Wounds  heal  very  well  and  rapidly  in  the  desert,  and  disease  is  very 
rare  among  wandering  tribes;  inquiry  seems  to  be  needed  to  ascertain 
how  far  this  is  due  to  absence  of  microbic  life  in  the  air  and  on  sub- 

stances to  which  the  air  has  access. 

If  some  diseases  and  putrefaction  and  such  changes  as  occur  in  milk 
and  organic  infusions  are  owing  to  presence  of  microorganic  life  in 

the  air,  then  those  changes  and  fermentations  should  not  occur  in  mid- 
ocean,  where  care  is  taken  that  only  air  which  has  not  been  in  contact 

with  any  part  of  the  ship,  etc.,  gains  access;  for  the  air  on  mid-ocean 
is  considered  to  be  practically  free  from  living  germs.  Experiment 
might  best  be  made  on  small  islands  or  exposed  rocks,  such  as  Eockall, 
which  may  be  assumed  to  be  sterilized. 

The  antiseptic  treatment  of  wounds  is  now  recognized  by  the  great- 
est surgeons^  to  depend  less  on  the  sterilization  of  the  air  about  wounds 

than  on  the  sterilization  of  all  objects,  including  the  hands,  instru- 
ments, bandages,  etc.;  so  that  it  seems  that  the  open  air  is  practically 

igee  recent  aKldresses  of  Sir  Joseph  Lister  and  others. 
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harmless  to  wounds,  except,  no  doubt,  in  certain  unhealthy  situations 
and  near  the  ground.  This  conviction  agrees  well  with  the  realization 
by  physiologists  and  by  public  health  departments  of  the  general  rule 

that  epidemics  exist  through  the  action  of  man  and  not  of  the  atmos- 

phere. ^^It  is  in  the  power  of  man,"  in  Pasteur's  opinion,  "to  cause 
the  parasitic  maladies  to  disappear  from  the  face  of  the  globe  if,  as  I 

am  convinced,  the  doctrine  of  spontaneous  generation  is  a  chimera." 
The  effect  (1)  of  temperature  and  (2)  of  moisture  in  promoting  the 

growth  of  various  kinds  of  mold,  fungi,  saccharomycetes,  and  plant 
parasites.  Ordinary  mold  seems  to  grow  well  at  a  low  temioerature,  if 
the  moisture  be  sufficient. 

The  influence  of  dry  air  in  weakening  various  kinds  of  microbes  or 
fungi  in  relation  to  plant  and  animal  diseases.  Their  growth  on  various 
fomites  in  relation  to  qualities  of  the  air  and  to  light. 

The  relation  of  weather  to  diseases,  not  only  to  those  apparently 

caused  by  microorganisms,  but  to  a  variety  of  other  maladies.  A  cer- 
tain climate  or  a  certain  kind  of  weather  may  give  rise  to  an  excess  or 

maximum  of  a  spreading  disease  by  direct  influence  on  the  outside 
growth  of  a  microbe,  or  by  helping  to  spread  the  spores  or  germs,  or  by 
Increasing  the  supply  of  some  pabulum,  or  by  effects  on  wells  and  water 
supply,  or  by  affecting  the  human  constitution  so  as  to  lay  it  open  to 
attack,  or  by  producing  effects  on  human  conduct  which  favor  the 
spread  of  the  disease.  The  contributory  factors  may  be  many,  remote, 
or  concealed,  but  such  thorough  investigation  as  is  possible  could 
hardly  fail  to  give  valuable  results. 

There  is  generally  a  main  cause  in  each  disease  by  attacking  which 
much  progress  is  made.  The  soil  temperature  in  diarrhea  and  cholera, 
the  dried  sputum  in  consumption,  the  close  air  in  typhus,  have  already 
been  thus  marked  out. 

The  lesions,  or  quasi-lesions,  by  cold  and  chill,  are  exceedingly  effect- 
ive in  disarming  the  resistent  powers  of  the  body,  so  as  to  give  oi)por- 

tunity  to  such  diseases  as  bronchitis,  pneumonia,  liver  and  kidney 
diseases,  dysentery,  malaria,  and  many  others.  The  manner  in  which 
by  clothing  and  otherwise  these  consequences  of  atmospheric  variations 
may  be  guarded  against  might  well  form  a  subject  for  research.  The 
rate  of  cooling  of  vessels  at  the  blood  temperature  surrounded  by 
various  fabrics  would  give  useful  information.  Some  experiments  of 

Mr.  Garrod^  showed  that  in  a  room  at  about  the  average  annual  tem- 
perature of  the  exterior  air,  when  clothes  are  removed  from  the  human 

body,  the  temperature  very  quickly  rises  in  the  axilla  to  a  point  2° 
higher  than  before.  The  blood  vessels  are  of  course  congested,  and 
colds,  etc.,  are  then  easily  caught.  The  rise  does  not  take  place  when 

the  temperature  of  the  room  is  above  70^  F.,  and  increases  as  the 
temperature  of  the  air  is  less. 

» Proc.  Roy.  Soc,  1869,  No.  112. 
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A  temperature  between  30°  and  42°  seems  to  be  very  favorable 
to  chills,  etc.,  possibly  owing  to  tlie  humidity  and  conductivity  of  the 
air  being  greater  than  at  lower  temperatures,  to  the  absence  of  the 
sharp,  bracing  action  of  frost,  and  to  the  greater  number  and  vitality 
of  microbes  in  the  air  than  at  lower  temperatures.  Dry,  cold  winds 

may  have  a  chilling  effect  equal  to  a  calm,  damp  air  of  the  same  tem- 
perature. 
With  regard  to  all  these  matters  of  air  and  health,  or  season  and 

health,  a  great  deal  might  be  done  for  the  prevention  of  disease  by  the 
public  issue  of  forecasts,  or  monitions,  at  appropriate  times,  showing 
the  character  of  the  maladies  common  at  the  season,  or  to  be  expected, 
and  giving  some  plain  directions.  If  this  were  done  weekly,  it  is  prob- 

able that  the  number  of  lives  saved  would  be  larger  than  those  saved 
by  the  weather  forecasts  for  coast  purposes. 

EXPLORATION  OP  THE  ATMOSPHERE  IN  CONNECTION  WITH  WEATHER 

PORECASTS  AND  A  MORE  EXACT  KNOWLEDGE  OP  ATMOSPHERIC 

CONDITIONS. 

Captive  balloons  regularly  used,  weather  permitting,  at  a  number  of 
well-distributed  stations,  would  give  valuable  information  in  addition 
to  the  ordinary  items  furnished  for  the  purposes  of  governmental  fore- 

casting. Mountain  observatories  have  already  been  long  enough 
established  to  give  results  which  show  a  different  distribution  of  tem- 

perature and  pressure  before  different  types  of  weather.  But  balloons 
might  be  fitted  with  instruments  which  would  show  the  pressure  and 
temperature  at  several  heights  in  succession  during  ascent  and  descent, 
and  this  information  would  very  probably  be  important  in  forecasts,  if 
the  height  attained  were  sufficient.  Balloon  ascents  have  shown  the 
atmosphere  to  be  frequently  arranged  in  blocks  or  masses  of  air  of 
very  different  temperatures  within  a  short  distance  of  each  other,  and 
occasionally  in  an  inverse  order  to  that  which  might  be  expected  from 

the  law  of  diminution  with  height.  Thus,  on  July  17,  1862,  the  ther- 
mometer on  the  earth  was  59 ;  at  10,000  feet,  26 ;  at  15,000  feet,  31 ;  at 

19,500  feet,  42;  but  on  descent  a  little  below  this  height,  the  tempera- 
ture fell  with  extraordinary  rapidity  to  16.  Strata  much  below  the 

freezing  point  may  have  a  few  hundred  or  thousand  feet  above  them, 
currents  of  air  at  40  or  42.  The  variations  are  often  very  large  and 
rapid.  The  greater  the  height,  within  the  limits  of  the  cirrus  cloud 
at  least,  the  greater  apparently  are  the  differences  between  adjacent 

strata  or  masses  of  air.  Irregularity  of  temijerature  and  humidity  dis- 
tribution must  have  a  considerable  influence  on  the  consequent  weather, 

and  a  series  of  balloon  observations  for  a  term  of  years  at  a  good  num- 
ber of  stations  would  probably  be  of  very  considerable  service  both 

for  theoretical  and  practical  purposes. 
Free  balloons  for  exploration,  such  as  have  given  good  results  in 

France,  might  be  contrived  to  ascend  to  some  desired  height,  and  then 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.    137 

rapidly  to  descend,  so  as  to  be  agaiu  available.  The  hydrogen  balloon 
might,  for  instance,  carry  a  small  vessel  containing  a  substance  which 
would  combine  with  the  oxygen  and  with  the  vapor  of  the  air  at  an 
approximately  known  and  arranged  rate;  the  increased  weight  of  the 
contents  would  reverse  the  ascent  at  a  roughly  calculated  height,  and, 

except  with  strong  winds,  the  balloon  would  descend  at  no  great  dis- 
tance. In  calm  weather  its  motion  could  be  watched  with  a  telescope 

and  its  approximate  height  noted.  Intelligent  persons  in  towns  and 

villages  should  previously  be  instructed  to  secure  the  descended  bal- 
loon and  to  take  readings.  Schoolmasters  in  France  have  received 

such  instructions. 

It  is  probable  that  the  condition  of  air  immediately  preceding  torna- 
does, cyclones,  and  blizzards,  and  thunderstorms  or  heavy  rains  would 

frequently  be  of  sufficiently  remarkable  character  to  give  ground  for 
generalizations  from  balloon  records  by  which  the  advent  of  these 
phenomena  could  be  foretold. 

ELE(  TRICITY,  CLOUDS,  AND   RAIN. 

The  connection  of  electricity  with  the  formation  of  rain,  snow,  and 
hail  requires  much  fuller  investigation  than  it  has  yet  received,  and 
research  in  this  field  is  sure  to  yield  interesting  results.  The  upper  air 

is  positive,  the  lower  often  negative,  and  the  almost  invariable  neces- 
sity for  two  or  more  layers  of  clouds  for  the  production  of  anything 

more  than  misty  rain  over  level  ground  seems  to  point  to  an  almost 
invariable  coexistence  of  oppositely  electrified  clouds  in  the  formation 
of  heavy  rain.  Heavy  showers  and  snowstorms  always  show  a  large 

development  of  free  electricity,  but  of  course  this  maybe  merely  a  co?^- 
sequence  of  the  agglomeration  of  the  drops,  and  in  no  important  degree 
a  cause  of  the  precipitation.  In  the  heavy  clouds  of  showers  there 
seem  to  be  generally  several  zones  or  areas  of  opposite  electricities. 
The  observations  on  Pikes  Peak  show  the  large  development  of  free 
electricity  in  the  rain,  and  hail,  and  snow  formed  at  great  altitudes. 
Howard  deduced  from  Peed's  observations  that  snow  and  hail  unmixed 
with  rain  are  positive  almost  without  exception.  Probably  if  the  snow 
and  hail  could  have  been  intercepted  in  the  upper  air,  it  might  have 

been  said  *' without  exception."  On  one  occasion,  when  ''a  most  awful 
darkness  filled  the  atmosphere"  and  some  rain  fell  mixed  with  hail,  the 
positive  charge  became  "as  strong  as  it  could  possibly  be."^ 

Experiment  on  the  electricity  of  clouds,  showers,  etc.,  does  not  seem 
to  have  been  continued  in  recent  years,  though  much  might  be  learned 
from  it  in  connection  with  the  other  conditions  of  weather.  On  the 

other  hand,  laboratory  experiment  on  the  electrification  of  steam,  of 
smoke,  and  of  small  drops  has  led  to  most  interesting  results.  An 
electrified  rod,  at  a  few  thousand  volts,  with  brush  discharge,  in  a 

'  Phil.  Trans.,  Vols.  XXXI,  XXXIL 
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vessel  filled  with  smoke,  widened  the  ̂^ dust-free  coat"  enormously,  and 
the  whole  box  was  cleared  of  smoke.  A  discharge  from  a  Yoss  or 

"Wimshurst  machine  through  smoke  causes  a  very  rapid  aggregation  in 
masses  or  flakes  along  the  lines  of  force,  and  the  soot  is  left  on  the 
sides  and  floor  of  the  vessel.  The  most  effect  is  produced  when  the  air 
itself  is  electrified,  but  a  knob  acts  less  quickly  than  a  point. 

A  piece  of  rubbed  sealing  wax  held  about  a  5'ard  distant  from  a  fall- 
ing water  jet  broken  into  small  drops  causes  the  drops  at  once  to 

cease  to  scatter,  and  unites  them  into  large  drops  as  of  a  thunder 

shower.  A  cloud  of  steam  turns  into  '^Scotch  mist;"  a  spherule  of 
water  amalgamates  with  a  large  mass  at  the  first  opportunity;  if  there 
be  the  slightest  difference  in  size  or  in  electrification,  the  repulsion  is 
exchanged  for  attraction  before  actual  contact.  The  opposed  surfaces 
come  into  collision  with  considerable  violence,  even  when  the  relative 
motion  of  the  centers  of  the  masses  is  small.  Surface  tension  is  over- 

come, and  thus  violence  of  contact  promotes  the  coalescence  of  drops. 
The  whole  subject  is  of  deep  interest,  not  only  in  connection  with  the 

causes  of  rain  and  conditions  of  clond  formation,  but  with  the  physics 
of  the  atmosphere  generally. 

OVEECOOLING,  ETC. 

other  matters  deserving  fuller  investigation  than  they  have  yet 
received,  although  they  have  been  the  subject  of  valuable  memoirs  by 
Dufour,  Yon  Bezold,  and  others,  are  the  capability  of  vapor  existing  in 

the  atmosphere  beyond  the  normal  degree  of  saturation,  ''overcooling," 
as  it  has  been  termed;  and,  secondly,  the  degree  of  temi3erature  and 
other  conditions  in  which  small  drops  of  water  and  cloud  globules  can 

exist  unfrozen.  These  questions  are  of  great  interest  both  meteorolog- 
ically and  in  relation  to  physics  in  general. 

With  regard  to  the  supersaturation  of  air,  this  has  been  proved  to  be 
possible  in  the  laboratory  to  a  remarkable  degree  when  dust  is  absent, 

but  has  not  yet  been  proved  in  the  atmosphere.  It  seems  highly  prob- 
able that  occasionally,  especially  in  very  moist  air,  when  much  rain 

and  cloud  has  been  long  continued,  or  in  the  intervals  between  thunder 
clouds  at  a  great  height,  there  may  be  spaces  of  the  atmosphere  in 
which  dust  is  so  rare  and  moisture  so  large  that  the  ordinary  point  of 
saturation  may  be  passed.  The  accumulation  upon  drops  or  snowflakes 
passing  through  such  a  space  would  be  heavy. 

The  latent  heat  of  condensation  from  vapor  upon  cold  drops  of  ice 
has  been  supposed,  owing  to  its  very  consi(Jerable  amount,  to  make  the 
growth  of  such  drops  or  hailstones  to  a  large  size  by  deposition  from 
vapor  impossible.  But  rapid  passage  through  cold  air  may  be  found  to 
dispose  very  quickly  of  the  heat  thus  set  free.  Experiment  is  needed 
on  this  point. 

With  regard  to  the  liquidity  of  droplets  below  the  freezing  point,  the 
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fact  is  fully  proved,  and  clouds  and  fogs  often  seem  to  be  still  liquid  at 
120  to  20O  F.  below  the  ordinary  freezing  temi)erature  of  large  droi)S. 
But  tlie  degree  of  cooling  which  may  be  borne  without  freezing,  and  its 
dependence  upon  the  size  of  the  globules  in  the  free  air,  has  yet  to  be 
determined.  Observation  of  the  sun  and  moon  and  the  diffraction 

effects  in  clouds  at  ascertained  heights  would  be  the  best  available 

means,  short  of  direct  observation  at  great  heights,  of  fixing  the  rela- 
tion of  size  to  congelation  at  various  temperatures. 

DISTRIBUTION   OF   VAPOR   CLOUDS. 

Experiments  with  kites  and  with  electrometers  have  shown  that 
transparent  vapor  is  grouped  in  masses  through  the  air  like  visible 
clouds,  but  less  continuous,  and  astronomical  observations  seemed  to 
show  a  distribution  of  the  atmosphere  not  only  into  horizontal  strata, 
but  into  vertically  extended  compartments  differing  greatly  from  each 
other.  Brief  perturbations  of  polarization,  occurring  at  any  hour  of  the 

day,  have  been  ascribed  to  ''-  clouds  "  of  cirrus,  etc.,  too  faint  to  be  seen. 
Eecent  experiments  in  the  foehn  and  in  other  hill  and  valley  winds  have 
shown  considerable  differences  of  temperature  at  intervals  of  a  few 

minutes.  Delicate  and  sensitive  thermometers,  hygrometers,  and  elec- 
trometers might  well  be  used  for  the  further  discovery  of  the  varying 

states  and  divisions  of  the  air  in  respect  of  temperature,  humidity,  and 
electric  state  and  of  the  causes  of  differences. 

There  is  much  reason  to  assume  that  the  atmosphere  is  divided,  like 
the  sea,  into  many  large  and  small  masses  of  unequal  temi3erature. 
The  great  reluctance  of  waters  of  different  temperatures  to  mingle,  as 
seen  in  the  neighborhood  of  Newfoundland  and  of  the  Gulf  Stream, 
also  at  the  head  of  the  Lake  of  Geneva  where  the  Rhone  enters,  and 

at  the  junction  of  the  Rhone  and  Arve  below  Geneva,  has  its  counter- 
part in  the  atmosphere.  It  is  curious  to  see  a  large  body  of  water  like 

the  Rhone  plunge  down  toward  the  bottom  of  the  lake,  leaving  only 
floating  substances  on  the  surface. 

The  present  author  believes  that  since  particles  of  water  in  the  air  a 
little  smaller  than  those  of  fine  blue  haze  would  be  quite  invisible, 
owing  to  their  inability  to  reflect  light,  like  a  soap  film  a  millionth 
of  an  inch  thick,  which  is  quite  invisible,  there  must  be  a  quantity  of 
water  in  moist,  transparent  air  which  is  competent  to  arrest  heat  waves 
by  absorption,  and  is  not  in  the  state  of  vapor.  He  believes  that  a 
theoretical  and  experimental  investigation  of  the  various  conditions  of 
vapor  and  water  in  the  air  would  lead  to  interesting  and  important 

results.  The  effect  of  a  thin  veil  of  cirrus,  and  of  a  slight,  equally  dis- 
tributed haze  upon  the  intensity  of  solar  radiation  has  been  recently 

investigated  at  Catania  and  Casa  del  Bosco  (4,725  feet  above  the  sea). 
The  cirrus  was  found  capable  of  intercepting  30  per  cent  of  the  radiant 
solar  energy.    The  haze  intercepted  23  per  cent  when  the  sun  was  10 
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degrees  above  the  horizon,  aud  only  4  per  cent  when  the  sun  was  at  an 
altitude  of  50  degrees.  When  the  sky  was  light  blue  and  cloudless  the 

absorption  was  greater  than  when  it  was  deep  blue.^  Of  course,  these 
exi^eriments  refer  to  the  whole  thermal  solar  energy,  and  there  is  at 
present  no  record  of  the  varying  amounts  of  absorption  of  dark  heat 
only,  or  of  the  varying  loss  by  radiation  from  an  object  on  the  surface 
of  the  earth  in  different  conditions  of  the  unclouded  sky. 

SOUND   IN  AIR. 

Experiment  has  still  to  determine  the  rate  of  propagation  of  sound 

in  air  at  different  temperatures  in  average-  atmospheric  conditions  at 
those  temperatures  indifferent  countries  j  the  rate  of  propagation  for 

intense  compared  with  feeble  sounds;  the  rate  for  notes  of  widely  dif- 
ferent pitch,  and  what  sounds  may  be  most  effective  at  long  distances 

to  the  ear  aud  to  recording  instruments.  It  is  conceivable  that  instru- 
ments may  be  constructed  which  would  enable  messages  to  be  sent  by 

the  voice  or  otherwise  through  long  distances  of  air.  Converging 
lenses  of  gas  have  been  constructed  for  focusing  sounds,  and  similar 
ones  might  perhaps  be  utilized  if  made  on  a  large  scale. 

The  homogeneity  and  discrepancy  or  heterogeneity  of  the  atmos- 
phere have  been  ascertained  to  be  very  important  in  the  transmission 

and  arrest  of  sound  waves;  it  seems  frequently  to  be  impossible,  with 
our  present  knowledge,  to  distinguish  a  good  from  a  bad  hearing  day. 

The  air  is  often  divided,  apparently,  into  laminae  or  divisions  of  differ- 
ent density,  humidity,  etc.,  which  stops  waves  of  sound  and  may  even 

reflect  them  loudly,  though  transparent.  All  these  points  deserve 
further  elucidation,  and  are  of  consequence  for  maritime  and  military 
and  naval  purposes.  They  may  also  serve,  with  other  i)rognostics,  for 
the  forecast  of  weather.  The  echoing  power  of  clouds  of  different 
kinds  is  not  well  made  out.  The  practicability  of  production  of  sounds 
in  a  dense  medium,  such  as  air  under  pressure  or  in  carbonic  acid  gas, 
in  order  to  increase  its  intensity,  is  worth  investigation. 

POSITION    OP    THE    PLANETS,    SUN    SPOTS,   AURORA,   WEATHER,   AND 
CROPS. 

Investigation  of  the  reality  of  connection  between  the  position  of  the 

planets,  the  number  and  extent  of  solar  spots  and  prominences,  terres- 
trial magnetic  disturbances  and  aurorae,  cycles  of  weather,  and  agri- 

cultural crops. 
AEROLITES. 

The  number  of  aerolites,  or  shooting  stars,  which  enter  the  atmos- 
phere daily;  their  size,  weight,  and  any  effect  they  may  have  on  the 

upper  atmosphere.  The  possibility  of  any  general  sky  illumination  by 
the  passage  of  small  particles,  compared  to  fine  dust. 

lEendiconti  del  Eeale  Institute,  Lombardo,  1894. 



ATMOSPHERE  IN  RELATION  TO  HUMAN  LIFE  AND  HEALTH.     141 

LIMITS   OF   THE   ATMOSPHERE. 

The  theoretical  limits  of  the  atmosphere;  whether  any  portions  are 
being  continually  lost  into  spai^e,  and  gained  from  space. 

ABSORPTION  OF  THE  SPECTRUM. 

The  absorption  and  reflection  of  various  portions  of  the  spectrum  of 

the  atmosphere,  by  air  and  by  vapors,  at  different  heights.  The  con- 
nection of  radiation  and  absorption  with  states  of  weather  and 

approaching  changes j  diathermancy  and  translucency  in  connection 
with  forecasting.  Absorption  of  several  portions  of  the  visible  and 
invisible  spectrum  in  different  states  of  the  air. 

COMBINED   FORECASTING-. 

An  inquiry  into  and  formulation  of  a  plan  for  a  combined  system  of 
weather  forecasting.  In  addition  to  the  present  schemes  and  practice 
of  weather  forecast  as  used  in  Europe  and  America,  it  would  seem 
desirable  to  employ  observation  of  local  instruments  and  ])henomena. 
Trained  observers  are  often  able  to  make  a  more  correct  forecast  for 

their  district  from  the  appearance  of  the  sky,  etc.,  than  they  receive 

from  a  central  office.  The  training  of  observers  is  a  necessary  prelimi- 
nary to  a  much  more  extended  system  of  observation.  The  present 

writer  has  proved  that  a  great  deal  of  use  may  be  made  of  a  number 
of  different  signs  taken  in  combination.  Thus  the  character  of  a  haze, 
the  superposition  of  currents,  the  exact  character  and  appearance  of 
clouds  and  their  edges,  the  length  of  trail  of  steam  from  a  locomotive, 
the  color  of  the  sky  and  sun,  and  of  morning  and  evening  clouds,  the 
radiation  from  an  exposed  thermometer,  and  the  size  and  manner  of  fall 
of  raindrops,  often  give  a  fair  prediction  of  coming  weather.  These 
should  be  used  in  combination  with  the  reports  of  barometric  and  other 

instrumental  readings  from  the  various  stations,  and  in  aid  of  the  estab- 
lished system  of  data  used  for  weather  forecasts.  Locally  observed 

phenomena,  many  of  them  not  at  present  recognized  as  significant, 

might,  after  a  certain  number  of  years'  observation,  have  a  definite 
percentage  value  assigned  to  each  as  a  prognostic,  and  the  observer, 
provided  with  a  table  of  values,  might  then  add  up  the  percentages  of 
all  the  signs  observed  on  each  occasion,  and  from  the  total  obtain  a 
very  fair  estimate  of  probability  of  coming  weather  over  a  district  of 
moderate  area.  The  following  table  is  intended  to  furnish  an  example 
of  such  a  system  of  local  combined  forecast,  with  imaginary  figures: 

Station:  Easlemere,  Surrey,  England.     Time,  9  a.  m. 

[Probability  of  rain  in  thirty-six  hours.] 
Per  cent. 

Upper  clouds,  cirrus,  cirro-cumulus,  from   west-northwest.      Lower  clouds, 
cumulus,  from  southwest           16 

Edges  of  cirro-cumulus,  hard           27 
Edges  of  cumulus,  rounded  and  hard          31 
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Per  cent. 
Motion  of  cirrus,  last    23 
Motion  of  cumulus,  very  slow    8 

Vertical  height  of  cumiilus  compared  with  breadth,  great    73 
A  few  waves  or  cloge  ripples  of  well  defined  hard  cirrus  strata  nearly  overhead.  84 
Length  of  steam  trail,  moderate  (estimated  90  yards)    52 
Color  of  clouds  at  dawn,  pale  yellow    58 
Regular  or  irregular  distribution  of  clouds    (?) 
Regularity  or  variability  of  temperature  and  humidity  in  adjacent  strata,  etc.  (?) 

[Probability  of  rain  in  twenty-four  hours.] 

Visibility,  great   -.    70 
Audibility,  great   „    61 
Humidity,  difference  of  bulbs,  4  degrees    46 
Humidity  (increasing  or  diminishing),  diminishing    29 
High  clouds,  increasing    68 
Cirrus  (straight  or  tangled),  tangled    81 
Stars  last  night,  much  twinkling    71 
Smoke,  tending  downward    69 

Total         877 

Probability,  rain. 

The  number  of  items  in  the  forecast  might  be  much  increased  with 
increasing  knowledge,  and  the  value  of  each  sign  would  also  increase 
with  continuous  exact  observation.  Moreover,  each  sign  should  be 
studied  not  as  a  single  item,  but  as  occurring  with  otliers,  and  when 

considered  in  relation  to  others  would  gain  much  in  value.  Thus,  visi- 
bility is  not  infrequent  in  fine  dry  weather,  and  also  occurs  in  moist 

weather,  before  rain.  If  observed  day  after  day  in  fine  weather,  its 
value  in  forecasting  is  evidently  much  less  than  when  occurring  in 

somewhat  unsettled  weather.  In  fact,  each  sign  has  properly  a  partic- 
ular value  in  particular  kinds  of  weather,  and  the  special  value  has  to 

be  ascertained.  The  length  of  time  during  which  a  certain  type  of 
weather  has  continued  is  in  some  proportion  to  the  probability  of  the 
ensuing  days  being  of  a  similar  type. 
When  the  total  of  the  various  percentages  exceeds  a  certain  fixed 

amount,  the  probability  of  bad  weather  rises  to  something  approaching 
certainty,  and  perhaps  the  probability  of  fine  weather  when  the  amount 
is  minus  goes  a  little  further  still.  When,  in  addition,  the  probability 
announced  by  the  central  office  from  wide  data  is  in  the  same  direction, 
it  becomes  justifiable  to  place  reliance  on  the  forecasts  for  agricultural 
purposes  and  general  district  warnings.  It  will  also  eventually  be  of 
great  use  to  farmers  to  have  telegraphic  information  forwarded  to  dis- 

tricts toward  which  bad  weather  is  moving,  if  there  is  reason  to  regard 
the  change  as  more  than  local  when  first  noticed. 

On  some  Possible  Modifications  of  Climate  by  Human 

AOENCY.^ 
There  can  be  no  doubt  that  some  effect  upon  climate,  shown  more 

by  physiological  influences  upon  mankind  than  by  instrumental  records, 

*This  section  is  derived  from  MS.  written  in  1891,  but  not  in  any  way  published. 
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has  been  produced  by  extensive  afforesting  or  disafforesting,  substi- 
tution of  pasture  for  arable  land,  drainage  of  wet  land,  and  irrigation; 

but  certain  means  still  remain  untried  which,  if  undertaken  on  a  large 
scale,  would  probably  bring  about  more  important  changes  than  any 
hitherto  accomplished,  with  the  exception,  perhaps,  of  the  drainage  of 
wide  marshy  areas  like  the  fens  of  East  Anglia,  irrigation  works  in 
India,  and  changes  in  the  irrigated  area  of  the  basin  of  the  Nile. 

The  drainage  works  of  the  eastern  counties  put  an  end  to  the  once 
prevailing  ague  of  the  low  levels,  and  the  cessation  of  irrigation  in 
parts  of  the  Nile  Valley  seems  to  have  deprived  the  plague,  which  was 
once  a  dreaded  affliction,  of  its  former  power.  The  substitution  of 

pasture  for  arable  land  tends  to  increase  the  cold  of  the  lowest  atmos- 
pheric stratum,  and  ground  fogs  are  favored  by  the  active  radiation  of 

grassy  surfaces. 
The  influence  of  mountain  ranges,  even  of  small  elevated  tracts,  upon 

surrounding  districts  in  a  climate  such  as  that  of  England  has  long 
been  recognized,  and  no  traveler  can  be  surprised  to  find  fewer  fine 
days  and  more  rain  in  the  hilly  country  than  on  the  plain,  but  some  of 
the  less  striking  geographical  conditions  which  tend  to  increase  or 
diminish  the  rainfall  or  cloudiness  of  neighboring  localities  have  been 
little  noted  and  appear  to  deserve  investigation.  During  a  visit  in 
September,  1889,  to  the  coast  of  Donegal  adjoining  Slieve  League,  a 

mountainous  cliff*  about  1,G00  feet  high,  the  summit  of  the  cliff  was 
observed  by  the  author  to  be  much  more  densely  clouded  than  the 

vicinity,*  this  characteristic  is  common  to  high,  somewhat  isolated 
mountains  on  our  western  coast.  Moreover,  the  beginning  of  the 
cloud  formation  took  place  at  a  distance  of  fully  a  quarter  of  a  mile  or 
half  a  mile  to  windward  of  Slieve  League,  so  that  the  modification  of 
the  wind  blowing  from  the  sea  took  place  long  before  the  strong  upward 
trend  caused  on  actually  reaching  the  cliff.  The  air  was  raised  and 
expanded,  and  its  moisture  partially  condensed  by  the  pressure  in 
advance,  due  to  the  opposing  mass,  and  not,  as  commonly  stated  in 

text-books,  by  the  cold  tops  causing  condensation.  Now,  a  similar 
effect  is  produced  by  ranges  much  lower  than  the  Donegal  coast  moun- 

tains, and  when  the  wind  is  sufficiently  charged  with  vapor  rain  would 

begin  to  fall  on  many  occasions  at  a  considerable  distance  to  wind- 
ward, and  would  always  be  greater  in  annual  amount  near  the  hills 

than  in  the  more  distant  low  country.  Such  instances  occur  in  the 
west  highlands  of  Scotland,  the  west  of  England,  and  Wales.  The 
excess  of  rainfall  begins  at  a  little  distance  to  windward  of  the  hills, 
reaches  a  maximum  a  little  to  windward  of  the  highest  altitudes,  and 
declines  again  toward  the  low  country  on  the  other  side.  The  western 
coasts  of  Britain,  Norway,  Ireland,  and  Spain  and  Portugal  all  have 
a  large  rainfall,  and,  on  the  whole,  the  number  of  days  on  which  rain 
falls  decreases  continually  from  west  to  east,  except  where  mountain 
ranges  or  hills  demand  a  fresh  tribute  of  moisture.    Thus,  in  the  west 
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of  Great  Britain,  among  mountains,  the  average  yearly  rainfall  is 
from  45  to  150  inches,  and  in  the  west,  away  from  the  hills,  from  30  to 
45  inches,  while  in  the  eastern  counties  it  is  only  from  20  to  28  inches. 
This  very  large  effect  is  produced  by  mountains  of  moderate  extent  and 

of  average  elevation  of  2,000  to  3,000  feet.  At  Bergen,  in  Norway, 
the  fall  is  89  inches ;  at  Goimbra,  in  the  Spanish  Peninsula,  118  inches; 
at  Xantes,  51  inches,  and  at  Bayonne  49  inches.  In  parts  of  Sweden 
and  Eussia  it  is  as  low  as  15  inches;  in  France  the  average  is  30  inches; 
in  the  plains  of  Germany  and  Russia  20  inches. 

But  the  most  striking  instance  of  the  rain-compelling  power  of  moun- 
tains is  afforded  by  the  Khasia  Hills,  situated  about  200  miles  north  of 

the  head  of  the  Bay  of  Beugal,  and  only  about  one-third  of  the  height 
of  the  Himalayas.  Here  the  annual  rainfall  is  said  to  be  600  inches,  of 
which  500  fall  in  seven  months.  At  20  miles  farther  inland,  beyond  the 
hills,  the  annual  amount  is  reduced  to  200  inches;  at  30  miles  to  100 
inches;  and  at  Gowahatty,  in  Assam,  to  80  inches.  In  the  more  west- 

erly Himalayas,  where  the  southwest  monsoon  has  already  been  drained 

of  part  of  its  vapor  by  passing  over  a  tract  of  dry  land  and  hilly  coun- 
try, the  rainfall  is  only  120  to  140  inches.  Similar  instances  occur  in 

India,  e.  g., Bombay,  on  low  ground,  75  inches;  among  the  Western 
Ghauts,  at  Uttra  Mullay,  263  inches;  at  Poouah,  more  inland,  24  inches. 

In  Mauritius,  at  Oluny,  in  the  vicinity  of  mountains  and  exposed  to 
the  southeast  trade  wind  blowing  from  the  sea,  the  rainfall  in  almost 
any  month  is  from  four  to  six  times  greater  than  at  Gros  Cailloux,  on 
the  northwest  coast,  only  16  miles  distant. 

In  England  the  difference  between  hilly  and  level  districts  is  well 

observed  in  the  winter,  when  the  clouds  are  low,  and  when  precipita- 
tion is  less  due  to  ascensional  currents  than  to  vapor-laden  winds.  The 

clouds  on  rainy  days  in  winter  are  very  frequently  between  500  and 
1,000  feet  above  the  sea  level.  The  effect  of  low  hills  is  consequently 

most  marked  at  this  season.  Dartmoor,  Exmoor,  the  Chiltern,  Cots- 
wold,  Derbyshire,  Surrey,  and  Hampshire  hills  severally  raise  the 
observable  rainfall  above  that  of  the  surrounding  country.  At  the 
head  of  the  valley  of  Longdendale,  near  Manchester,  nearly  1,000  feet 
above  the  sea  level,  the  rainfall  in  1859  was  53^  inches;  on  the  west 

side,  and  just  over  the  summit  on  the  east  side,  58  J  inches.  At  Peni- 
stone,  a  few  miles  farther  east,  it  was  39  inches,  and  at  Sheffield,  still 
farther  east,  25  inches.  The  height  of  the  hills  producing  this  effect  is 

about  1,400  feet.  Similarly,  the  fall  varied  from  39.1  inches  at  Eoch- 
dale  to  67  inches  at  Blackstone  Edge  (1,200  feet),  32.25  at  the  east- 

erly foot  of  the  ridge,  and  20  inches  at  York  in  1848.  In  1859  a  gauge 
on  the  westerly  side  of  Loch  Ard  gave  92  inches,  while  another  near 
Glenfinlas,  farther  east,  gave  only  48  inches.  The  instances  of  Slieve 

League,  of  Hoy,  and  of  the  South  Downs  show  that  it  is  not  only  moun- 
tainous masses,  but  also  mere  barriers  against  the  wind  from  the  rainy 

qaurter  which  cause  precipitation.     The  air  will  be  equally  lifted  to 
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windward  whether  the  obstacle  consist  of  a  mountain  or  of  a  galva- 
nized iron  screen. 

SYMONS'S  BRITISH  RAINFALL. 

An  examination  of  the  means  for  fifteen  years  at  a  number  of  stations 
in  England  shows  that  such  cases  are  not  isolated.  At  Saltash,  on  tlie 
southwest  side  of  Dartmoor,  the  rainfall  was  53.87,  at  Lee  Moor  (800 
ieet),  on  Dartmoor,  68.96,  and  at  Bovey  Tracey,  east  of  Dartmoor,  on 

low  ground,  46.08.  At  Clyst  Hydon,  the  mean  was  only  34.21 5  at  Exe- 
ter, 36.61;  and  at  Exmouth,  34.74.  Similarly,  at  Tavistock  (316  feet), 

near  the  western  edge  of  Dartmoor,  the  fall  was  54.18;  while  at  Tiver- 
ton (450  feet),  at  some  distance  northeast  of  Dartmoor,  it  was  44.35. 

At  Kingsbridge,  to  the  south,  where  the  influence  of  Dartmoor  was  not 
conspicuous,  owing  to  its  position  with  regard  to  the  prevailing  winds, 

only  37.15  was  registered.  Taunton,  protected  apparently  by  the  pre- 
cipitating influence  of  both  Dartmoor  an-d  Exmoor,  as  well  as  by  the 

nearer  Blackdown  Hills  to  the  southwest,  recorded  only  29.75,  against 

Tavistock's  54.18  and  Barnstaple's  41.95. 
In  Sussex  we  find  that  the  South  Downs,  mostly  600  to  700  feet  high, 

and  the  ranges  of  hills  on  the  southwest  border  of  Surrey,  have  an  appre- 
ciable effect,  though  they  do  not  exceed  800  feet,  except  at  a  very  few 

points.  Thus,  Arundel  registered  34.29;  the  rising  ground  north  of 
Chichester,  34.90;  Petworth,  36  19;  Midhurst,  39.65;  Fernhurst,  32.19, 
against  28.41  at  Dunsfold,  near  Godalming,  some  miles  to  the  northeast 

of  the  hills;  26.55  at  Weybridge,  still  farther  east,  and  26.13  at  Green- 
wich. At  Alton,  on  high  ground  (496  feet),  the  fall  was  35.58,  against 

26.73  at  Reading.  At  St.  Lawrence,  Isle  of  Wight,  and  Osborne,  the 
record  gave  only  31.20  and  29.91,  respectively,  and  the  seacoast  from  the 
Isle  of  Wight  to  Dover  has  an  average  of  less  than  30  inches.  On 
the  low  ground  of  the  eastern  counties,  where  the  air  would  no  longer 
be  forced  upward  in  crossing  the  land,  the  amounts  diminish  to  24.22  at 
Eoyston,  23.78  at  Peterboro,  22.81  at  Cambridge,  22.63  at  Ely,  and  21.85 
at  Shoeburyness.  But  the  low  hills  of  Norfolk  and  Lincoln  raise  the 
amount  to  28  and  29  inches. 

In  the  Midlands  and  northern  counties  the  distribution  of  rain  is 

similar.  Thus,  while  at  Sedbergh,  Penistone,  and  Dunford  Bridge,  the 
amounts  were  55.26,  56.76,  and  55.75,  stations  at  a  moderate  distance 
eastward  of  the  hills  registered  as  follows:  York,  26.93;  Doncaster? 
27.33;  Leeds,  27.70;  Sheffield,  35.02;  Stockwith,  23.66;  Lincoln,  23.83. 
The  rainfall  of  Carlisle  is  remarkable,  only  30.07,  owing  to  its  position 
to  the  northeast  of  the  mountains  in  the  same  county,  where  the 
amounts  reach  80  and  100  inches.  In  the  neighborhood  of  Sheffield  the 
fall  varies  from  43.26  at  1,100  feet  at  Redmires  to  33.03  at  Broomhall, 
not  many  miles  distant.  Buxton,  at  989  feet,  has  57.14  inches,  and 
Chatsworth,  about  20  miles  distant,  36.66.  Tunstall,  a  little  eastward 
of  the  mountains  of  the  North  Riding  of  Yorkshire,  has  only  28  inches 
against  55.26  at  Sedbergh  on  their  western  side.. 

230a   10 
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In  Scotland  the  rainfall  of  the  northern  part  of  Elgin  and  !N"airn, 
protected  by  the  mountains  intervening  between  it  and  the  west  coast, 
is  less  than  half  that  of  western  Sutherland,  Inverness-shire,  and  Skye. 
Portree,  in  Skye,  has  81.75  against  25.87  at  Inverness.  The  east  coast 
of  Scotland,  generally,  is  very  much  drier  than  the  west,  although  the 
large  precipitation  during  east  winds  tends  to  counteract  the  effect 
which  the  mountains  westward  have  in  reducing  its  rainfall  during 
the  prevalence  of  the  equatorial  currents.  Great  differences  in  rainfall 
may  exist  within  a  small  area;  for  instance,  the  rainfall  at  Perth  is 
only  32.10  and  at  Ochtertyre  44.17  against  50  at  Lochearnhead,  and 
the  rainfall  at  Bothwell  Oastle  is  only  29.98  against  115.46  at  Ardlui. 

At  Braemar,  at  the  height  of  1,114  feet,  the  rainfall  is  only  36.50, 
owing  to  the  great  mass  of  high  mountains  toward  the  south  and  west. 

In  Ireland  the  greatest  amounts  are  registered  on  the  southwest  and 
west  coasts,  and  the  fall  diminishes  inland  eastward  of  the  mountains, 
until  in  the  northeast  corner  the  average  is  only  about  30  inches 
against  60  to  80  in  the  west. 
Among  the  above  instances  the  most  instructive,  perhaps,  for  the 

present  purpose  are  the  records  of  Midhurst,  Petworth,  and  Arundel, 
compared  with  those  a  little  south  and  north  of  these  stations.  It  is 
plain  that  the  action  of  the  long,  wall  like  ridge  of  the  South  Downs, 
not  exceeding  600  feet  in  average  height,  is  sufficient  to  cause  from  5 
to  10  inches  excess  of  rain  in  its  immediate  neighborhood,  the  rainfall 
20  miles  westward  and  8  miles  southward,  being  only  about  live  sixths 

of  that  which  occurs  in  close  proximity  to  this  ridge.  Part  of  the  defi-( 
ciency  on  the  coast  must  be  attributed  to  the  frequent  exemption  from 

heavy  showers  which  form  over  the  land,  but  not  over  the  sea,  in  sum- 
mer. The  present  author  has  observed  this,  especially  on  days  with  a 

light  westerly  or  southerly  breeze,  and  has  also  noted  the  preference 
of  thunderstorms  for  the  low  ground  between  the  hills  and  the  downs. 
The  greatest  fall  takes  place  at  Midhurst,  which  lies  about  5  miles 
north  of  the  South  Downs,  and  at  the  foot  of  the  southern  slope  of  a 
second  ridge,  Henley  Hill,  about  600  feet  high,  which  stretches  from 

east  to  west.  Compared  with  Dunsfold,  about  17  miles  to  the  north- 
east, the  amount  is  in  the  proportion  of  4  to  3.  Dunsfold  is  probably 

deprived  of  a  good  deal  of  rain  by  the  mass  of  Blackdown  (900  feet)  8 
miles  to  the  south.  Fernhurst,  near  a  cleft  or  dale  in  some  high  hills 
on  its  northern  side  and  2  miles  north  of  Henley  Hill,  has,  roughly, 
7J  inches  less  than  Midhurst.  That  even  lower  hills  (400  feet)  in  a 
flat  country  may  raise  the  rainfall  of  their  climate  by  5  or  6  inches  is 

shown  by  the  records  of  the  high  ground  of  IS^orfolk  and  Lincolnshire. 
Now,  the  practical  inference  from  these  statistics  is  that  it  may  be 

possible  where  desirable  to  imitate  natural  barriers  on  a  small  scale 

and  to  increase  rainfall  in  their  proximity  in  order  to  diminish  it  else- 
where. Thus,  if  between  Chichester  and  Arundel  the  natural  height 

of  the  Downs  were  to  be  raised  by  300  feet,  the  rainfall  would  be 
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increased  a  mile  or  so  southward  and  perhaps  a  few  miles  northward, 

"but  would  be  diminished  over  the  northern  half  of  Sussex,  and  prob" 
ably  in  Surrey,  to  an  appreciable  degree. 

Similarly,  a  wall  of  400  feet  in  height  between  Yes  Tor  and  Hartland 

Point,  in  Devonshire,  would  increase  precipitation  along  a  band  par- 
allel with  the  wall,  but  would  give  a  drier  climate  to  the  more  easterly 

portions  of  the  county,  and  probably  also  to  Somersetshire.  In  Eng- 
land, not  only  does  the  greatest  quantity  of  rain  reach  us  from  the 

southwesterly  quarter,  but  the  clouds  are  lowest  in  the  rains  from  that 
quarter,  so  that  the  greatest  effect  of  a  barrier  is  produced  on  rains 
■coming  from  south  and  southwest. 

The  method  of  construction  is  a  question  for  engineers.  Would  it 
be  possible  to  construct  a  screen  several  hundred  feet  high,  of  iron,  as 
used  in  the  large  gasometers  which  we  see  in  the  neighborhood  of  our 
large  towns  ?  Or  is  masonry  necessary  in  order  to  withstand  the  extreme 
possible  pressure  of  strong  winds? 
The  desirability  of  forming  any  such  artificial  barrier  would,  of 

-course,  depend  on  the  calculated  probable  benefit  to  be  conferred  on 
any  county  or  district,  and  it  would  very  likely  be  only  in  rare  cases 

that  the  increased  geniality  of  climate  would  repay  the  outlay.  Pos- 
sibly it  is  only  worth  considering  in  the  case  of  very  w^t  climates,  or 

of  places  where  little  rain  falls  and  more  is  needed.  In  England,  sup- 
posing for  a  moment  that  its  erection  is  desirable,  the  line  to  be  taken 

for  a  wall  must  be  such  that  there  would  be  very  little  disturbance  of 
natural  features  of  interest  or  beauty;  in  fact,  it  should  either  be  across 
barren  moors  or  wastes,  or  else  parallel  to  the  cliffs  on  a  desolate  coast. 
The  line  above  suggested  from  Yes  Tor,  near  Okehampton,  toward 

Hartland  Point,  appears  in  all  respects  a  favorable  one  for  the  pur- 
pose, as  the  country  to  be  crossed  is  dreary  and  almost  uninhabited. 

The  wall  would  have  an  additional  advantage  of  permitting  trees  to  be 

planted  on  its  northeast  side  in  a  broad  belt,  so  as  to  make  the  begin- 
ning of  a  forest,  where  the  winds  are  now  too  severe  for  vegetation. 

Another  favorable  stretch  of  country  lies  along  the  ridge  of  the  South 
Downs  between  Swanage  and  Bridport.  A  high  barrier  here  would 
give  to  a  large  part  of  Dorsetshire  and  southeast  Wiltshire  a  climate 
not  unlike  that  of  Bournemouth,  which  owes  its  dryness  to  the  hilly 
promontory  of  the  Isle  of  Purbeck. 

Portsdown  Hill,  which  runs  east  and  west  for  nearly  7  miles,  and  is 
over  400  feet  high,  would  be  another  highly  favorable  ridge  for  an 
experimental  wall,  say  400  feet  in  height.  The  practicability  of  works 
of  this  kind  can  hardly  be  questioned  when  we  hear  of  structures  like 
the  reservoir  embankment  at  Bombay,  a  stone  barrier  118  feet  thick, 
over  100  feet  high,  and  2  miles  long.  A  less  amount  of  material  would 
have  gone  toward  a  wind  wall  30  feet  thick  at  the  base,  300  feet  high, 
and  3  or  4  miles  long. 

A  wall  300  or  400  feet  in  height  and  o  or  6  miles  in  length,  extending 
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from  near  the  Thames  a  few  miles  east  of  London  in  a  northwest  direc- 

tion, would  probably  have  the  effect  of  stopping  a  considerable  amount 
of  fog,  which  often  moves  from  the  Essex  marshes  toward  the  metrop- 

olis. It  would  somewhat  increase  the  annual  rainfall  on  its  westerly 
side.  A  wall  stretching  from  northwest  to  southeast  across  some  of 
the  heaths  in  the  neighborhood  of  Woking  would  reduce  the  rainfall  of 
northeast  Surrey  and  of  London. 

The  effect  of  a  wall,  like  that  of  a  perpendicular  cliff,  would  be  to 

drive  the  impinging  air  vertically  upward,  so  that  the  increased  rain- 
fall would  take  place  near  the  wall  and  a  little  to  leeward. 

Experimental  barriers  might  be  first  erected  across  the  mouths  of 

valleys  open  tow^ard  the  west  or  southwest,  for  in  many  such  situa- 
tions a  wall  1  or  2  miles  long  and  500  or  600  feet  high  would  cause 

increased  precipitation  near  the  ocean,  and  a  considerably  drier  climate 
in  nearly  the  whole  of  the  remainder  of  the  valley.  For  example,  a 
wall  across  the  valley,  a  little  to  the  north  of  the  town  of  IiTeath,  would 
reduce  the  rainfall  of  the  Yale  of  I^eath  for  a  long  distance,  and  many 
of  the  Welsh  valleys  opening  westward  to  Cardigan  Bay  might  be 
equally  protected  from  excessive  winter  rains. 

With  regard  to  other  countries,  there  are  localities  where  a  structure 
a  few  miles  long  based  on  rocks  or  ridges  already  some  hundred  feet 
above  the  sea  would  prove  very  beneficial  in  reducing  rainfall  farther 
inland.  In  other  exceptional  cases,  where  precipitation  is  deficient,  it 
might  be  promoted  on  the  windward  side  by  similar  means. 

In  parts  of  Australia,  local  rainfall  might  be  appreciably  increased 

by  raising  the  height  of  ridges.  Wherever  water  is  scarce  and  valu- 
able and  the  climatic  conditions  favorable,  experimental  barriers  would 

give  interesting  results. 
Some  American  cities  are  very  liable  to  be  attacked  and  partially 

destroyed  by  violent  tornadoes  or  whirlwinds.  These  storms  usually 
proceed  from  about  the  same  direction,  and  it  might  possibly  be  an 
experiment  worth  making  to  set  up  a  wall,  say  300  feet  high  and  2  miles 
long,  on  the  dangerous  quarter,  with  the  object  of  breaking  their  force. 
The  clearing  of  forests  seems  to  favor  the  development  and  progress 
of  American  tornadoes  by  allowing  the  surface  of  the  earth  to  become 
more  highly  heated  and  by  reducing  friction,  for  they  are  caused 
chiefly  by  the  breaking  of  unstable  equilibrium  when  the  lowest  strata 
are  highly  heated  and  a  cold  current  prevails  within  a  few  miles  of  the 
earth's  surface. 
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Lecture  1. — Close  Eooms. 

Perhaps  I  ought  first  to  explain  my  reason  for  selecting  for  these  four 

lectures  the  subject  of  "  Town  air,"  a  subject  which,  if  it  can  not  be 
characterized  by  the  word  dry^  certainly  does  not  sound  attractive. 

My  reasons  are  threefold — its  importance  to  health,  a  personal  interest 
in  the  subject,  and  a  desire  to  arouse  the  same  interest  in  others. 

I  wish  that  I  could  paint  for  you  my  ideal  city  of  Leeds — a  smokeless 
atmosphere  through  which  the  sun,  when  he  did  shine,  would  shine  with 
his  full  brilliancy,  wide  streets  interrupted  by  open  spaces  with  green 
turf,  trees,  and  tlower  beds,  and  a  little  ornamental  relief  to  the  dead 
monotony  of  our  brick  walls. 

I  am  sure  you  will  all  agree  with  me  that  under  such  conditions  our 

moral  and  X3hysical  well-being  as  a  community  would  be  vastly  improved. 

^' There  are  two  great  wants,"  writes  Miss  Octavia  Hill,  "  in  the  life  of 
the  poor  of  our  large  towns,  which  ought  to  be  realized  more  than  they 

are — the  want  of  space  and  the  want  of  beauty." 
You  may  at  once  stamp  these  views  as  Utopian.  Speaking  for  myself, 

I  have  every  expectation  of  seeing  them  realized.  I  think  that  if  people 
can  only  be  convinced  of  a  possibility  it  is  not  a  long  step  to  its  becom- 

ing a  reality.  I  think  I  shall  have  no  difficulty  in  convincing  you  of 
the  possibility.  Although  everyone  is  quite  aware  that  town  air  is  a 
different  article  from  fresh  country  air,  it  excites  very  little  notice 
unless,  as  sometimes  happens,  we  are  brought  face  to  face  with  it  dur- 

ing foggy  weather  when  the  dirt  and  impurities  accumulate  under  a 
thick  layer  of  mist.  The  reason,  I  think,  is  to  be  found  in  the  fact  that 
air  is  invisible. 

^'Seeing  is  believing"  is  a  common  saying,  and  I  supjiose  the  reverse is  true. 

How  long  has  it  taken  civilized  communities  to  recognize  the  evil 
effects  of  bad  water?     Clear,  sparkling  water  may  contain  the  germs 

3 
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of  disease,  yet  we  see  notliiug  of  tliem.  The  deatli  roll  of  all  onr  bat- 
tlefields probably  does  not  number  so  many  victims  as  that  of  contam- 

inated water.  What  is  the  result?  An  unlimited  quantity  of  pure 
water  is  regarded  as  the  first  essential  to  health.  We  go  far  afield  for 
it.  Manchester,  at  a  cost  of  £3.000,000,  drinks  the  water  from  the 
rivulets  of  Cumberland.  Liverpool  pays  a  high  price  for  the  water  of 
the  Welsh  hills. 

As  regards  the  air  we  breathe,  we  stand  much  in  the  same  relation 
as  3Iohammed  to  the  mountaiu.  As  we  can  not  bring  pure  air  to  the 
town,  we  go  and  seek  it  in  the  country  or  by  the  sea:  that  is,  those  of 
us  who  can  afford  it. 

But  there  are  many  Mohammeds  who  never  see  the  mountain.  How 
many  there  are  may  be  judged  from  this  fact,  that  according  to  the 

registrar- general's  report,  out  of  a  population  in  England  and  Wales 
of  29,001,018  on  April  5,  1891,  20,802,770  persons  were  urban  and 

8,198,218  were  rural,  i.  e.,  nearly  three-quarters  live  in  towns  as  against 
about  one  quarter  resident  in  the  country. 
What  is  the  effect  of  this  town  air  upon  the  urban  population? 

Where  changes  are  occurring  which  are  imperceptibly  affecting  indi- 
viduals, and  to  the  cause  of  which  we  therefore  can  not  definitely  point, 

it  is  possible  hj  coordinating  a  large  number  of  observations  to  so 
multiply  the  effect  that  we  can  arrive  at  a  very  probable  estimate  of  it 
and  lay  our  finger  on  the  cause. 

By  means  of  statistics  from  the  health  returns  of  medical  officers  we 
can  compare  the  health  of  the  town  with  that  of  the  country.  T>t^ 
Tatham,  medical  officer  for  Manchester,  in  a  life  table  comx)iled  for 

Manchester,  has  shown  that  ''if  we  take  three  periods,  under  25  years 
of  age  to  represent  youth,  the  i)eriod  between  25  and  65  to  repre- 

sent maturity,  and  ages  above  65  to  represent  old  age,  it  will  be  found 
that  males  in  Manchester  are  young  for  91  per  cent,  mature  for  87  per 
cent,  and  old  for  46  per  cent  as  long  as  in  England  and  Wales.  We 
are  almost  forced  to  the  conclusion  that  in  Manchester  men  grow  old 

sooner  than  in  the  countrj'  as  a  whole.*' 
What  may  be  said  of  Manchester  may  also  be  said  of  Leeds  and 

other  industrial  towns.  This,  of  course,  might  be  put  down  to  the 
strain  and  worry  of  business  life:  but  if  we  compare  the  diseases  from 
which  people  die  in  town  and  in  the  country,  those  who  have  examined 
the  medical  returns  must  have  been  struck  by  the  number  of  deaths  in 
towns  from  diseases  of  the  respiratory  organs,  pneumonia,  phthisis, 
etc.  My  friend  and  colleague,  Mr.  Wager,  of  the  Yorkshire  College, 
took  some  trouble  to  obtain  statistics  on  these  points  in  regard  to 
Leeds,  and  found  that  the  percentage  of  deaths  from  diseases  of  these 
organs  was  considerably  greater  in  the  town  than  in  the  surrounding 
districts.  As  I  prepared  this  lecture,  the  quarterly  return  from  the 

medical  officer  for  Manchester  arrived  for  the  quarter  ending  Septem- 
ber, 1893,  and  here  I  found  that  out  of  100  deaths  between  the  ages  of 
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25  to  45  years  by  far  tlie  largest  ntimber  (122)  are  clue  to  phthisis,  and 
the  next  hirgest  number  (38)  to  pneumonia.  This  high  percentage  of 
deaths  from  such  diseases  is  characteristic  of  all  large  manufacturing 
centers. 

But  we  need  not  have  recourse  to  these  statistics  to  assure  ourselves 

of  the  beneficial  effects  of  fresh  air.  We  have  all  experienced  them. 
Statistics,  however,  emphasize  the  cumulative  effect  of  imperceptible 

changes — an  effect  which  you  will  all  admit  is  sufficiently  serious. 
There  is  such  a  thing  known  as  cumulative  poisoning.  White  lead,  for 

example,  taken  internally  in  minute  quantities  will  in  time  produce  the 
effect  of  a  poisonous  dose.  Bad  air  is  also  an  example  of  a  cumulative 

poison. 
According  to  Professor  Foster,  the  average  individual  inhales  2,600 

gallons  of  air  in  twenty-four  hours,  or  about  34  i)ounds  by  weight,  as 
against  5J  pounds  of  food,  liquid  and  solid,  or  six  times  the  weight  of 
food.  If  we  had  to  buy  our  air  at  so  much  a  pound  or  pay  rates  on  it 
at  so  much  a  cubic  foot  or  gallon,  we  should  take  good  care  that  it  was 
not  adulterated  j  for  we  distinguish  fresh  air  as  we  do  fresh  butter  from 

the  second-rate  article.  There  is,  however^  an  important  distinction 
between  food  and  air  regarded  in  this  way.  If  the  food  we  take  is  not 
quite  as  nourishing  or  as  good  as  it  should  be,  the  digestive  i^rocess  is 
sufficiently  adaptable  to  select  the  good  and  reject  the  bad 5  but  the 
lungs  are  infinitely  more  delicate  in  structure  and  function,  and  we 
can  not  with  impunity  inhale  a  vitiated  air  and  expect  our  lungs  to 
select  the  pure  and  reject  the  imj)ure  without  permanent  injury  to  our 
breathing  apparatus  as  well  as  to  our  whole  body. 

Before  passing  to  the  subject  of  "Town  air,"  I  should  like  you  to 
grasp  and  keep  well  before  you  the  idea  that  we  are  living  at  the 
bottom  of  a  great  ocean  of  air,  that  we  are  surrounded  on  all  sides 
by  matter  invisible  because  composed  of  minute  particles  (separated  by 
spaces  which  are  big  in  comparison  with  the  particles)  but  none  the 
less  material. 

That  the  air  has  weight  was  first  demonstrated  by  Galileo  about  the 
middle  of  the  seventeenth  century.     I  will  repeat  his  experiment: 

A  glass  globe  (fig.  1),  furnished  with  a  brass  stopcock  is  evacuated 

by  the  air  pump,  the  stopcock  closed  and  the  vessel  then  carefully  coun- 
terpoised. On  opening  the  stopcock  air  rushes  in  with  a  hissing  sound, 

and  the  balance  now  sinks  at  the  arm  to  which  the  globe  is  sus- 
pended, thus  showing  that  the  air  has  weight. 

Now,  this  invisible  matter  or  gas  is  not  a  single  gas,  but  a  mixture  of 

gases — maiidy  two.  ■ 
One  of  these  gases  is  nitrogen,  an  inert  gas,  whose  chief  properties 

are  negative.  It  constitutes  about  four-fifths  of  the  total  bulk  of  the 
air  and  serves  to  dilute  the  other  constituent,  oxygen,  which  is  the  active 
part.  This  gas  helps  things  to  burn  and  supports  life  by  consuming 
waste  tissue  and  keeping  up  the  animal  heat.    In  these  processes  the 
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free  ox3^gen  is  removed  from  the  air  by  entering  into  combination  with 
the  substances  which  it  burns  or  consumes. 

A  piece  of  charcoal  is  attached  to  an  iron  rod,  which  passes  through 
a  metal  i)late  (fig.  2).  The  charcoal  is  first  heated  until  it  begins  to 
glow,  and  is  then  brought  into  a  glass  jar  containing  oxygen.  The 
charcoal  immediately  glows  with  dazzling  whiteness  by  uniting  with  the 
oxygen  to  form  carbonic  acid. 

I  shall  have  very  little  more  to  say  about  these  two  gases,  but  shall 
now  direct  your  attention  to  anotber  gas,  carbonic  acid,  which  is  always 
present  in  the  air,  usually  in  a  minute  quantity.  Its  presence  may  be 

most  readily  shown  by  exposing  to  the  air  some  clear  limew^ater  in  a 
glass  basin,  when  the  surface  is  soon  coated  with  a  white  film  of  car- 

bonate of  lime.  It  is  also  a  very  heavy  gas,  as  I  can  show  you  by  the 
following  experiments : 

In  fig.  3,  a  represents  the  vessel  containing  the  clear  lime-water, 
which  on  standing  becomes  covered  with  a  white  film  of  carbonate  of 
lime;  h  represents  the  vessel  containing  the  heavy  gas,  carbonic  acid, 
upon  which  the  soap  bubble  floats.  The  apparatus  figured  at  c  is  for 

generating  carbonic  acid.  It  consists  of  two  vessels,  which  are  con- 
nected by  glass  tubing.  The  larger  vessel  contains  marble.  By  jiour- 

ing  acid  down  the  funnel  a  brisk  effervescence  occurs,  carbonic  acid 
being  evolved,  which  bubbles  through  the  second  vessel  containing 
water  to  remove  impurities,  and  is  then  used  for  filling  B  with  gas. 

A  large  glass  beaker  (fig.  4)  is  suspended  at  one  arm  of  a  balance  and 

carefully  counterpoised.  By  slowly  inverting  another  beaker  contain- 
ing carbonic  acid  above  the  open  mouth  of  the  suspended  one,  the 

latter  becomes  filled  with  the  heavy  gas  and  descends. 
The  following  table  gives  the  volumes  of  the  different  gases  in  pure 

air  in  100  volumes  and  also  the  total  weight  of  these  gases: 

Composition  of  the  atmosjjliere. 

Oxygen       20. 61 
Nitrogen       77.95 
Carbonic  acid         0. 03 

Aqueous  yapor         1. 40 

Nitric  acid   ] 
Ammonia   [Traces. 
Ozone   j 

Composition  of  tlie  atmospliere  in  tons. 
Millions  of  tons. 

Oxygen   „    1,233,010,000 
Nitrogen    3,991,593,000 
Carbonic  acid    5,287,000 
Aqueous  vapor          54,  460,  000 

Where  does  carbonic  acid  gas  come  from?  From  coal,  charcoal,  or 

other  fuel  when  it  burns.  (The  jar  in  which  the  charcoal  was  previ- 
ously burnt  in  oxygen  was  shaken  with  limewater,  and  by  becoming 
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1.— Apparatus  for  weighing  air. 

2.— Charcoal  in  oxygen. 

3. — Demonstration  of  carbonic  acid  in  air. 
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•5.— Demonstration  of  carbonic 
acid  in  breath. 

-Demonstration  of  carbonic 
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-Production  of  carbonic  acid. 
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turbid  indicated  the  presence  of  carbonic  acid.)  It  is  given  off  from  the 
breath,  as  the  following  experiment  will  show: 

By  filliDg  a  bell  jar  (tig.  5)  with  water  and  breathing  air  into  it  from 

the  lungs  an  atmosphere  is  obtained  within  the  jar  which  readily  extin- 
guishes a  taper,  indicating  the  large  percentage  (about  5  per  cent)  of 

carbonic  acid  in  the  breath. 

Two  bottles  (fig.  6),  each  provided  with  a  double  neck,  are  so  con- 
nected that  air  may  be  drawn  into  the  lungs  through  the  liquid 

contained  in  A  aud  expelled  through  the  liquid  in  B  without  removing 
the  tube  from  the  mouth.  If  clear  limewater  is  introduced  into  these 

two  vessels,  that  contained  in  B  will  very  shortly  become  turbid,  indi- 
cating the  i)resence  of  carbonic  acid  in  the  lungs,  whilst  A  remains  clear. 

Carbonic  acid  is  produced  by  fermentation  and  the  decay,  which  is 
another  form  of  fermentation,  of  animal  and  vegetable  substances. 

A  solution  of  grape  sugar  is  introduced  into  a  flask  (fig.  7),  together 

with  a  quantity  of  brewers'  yeast.  The  flask  is  provided  with  a  cork 
through  which  a  bent  tube  passes.  The  longer  limb  dips  into  a  test 
glass  containing  limewater.  If  the  flask  is  allowed  to  stand  at  the 

ordinary  temperature,  the  liquid  begins  to  froth  and  bubbles  of  car- 
bonic acid  rise  through  the  limewater,  turning  it  milky.  After  a  few 

hours  a  sufficient  quantity  of  alcohol  will  be  formed  to  enable  its 
presence  to  be  demonstrated.  On  bringing  some  of  the  liquid  into  a 
flask  fitted  with  a  long  glass  tube  and  boiling  it,  the  vax)ors  passing 
out  of  the  tube  will  take  fire  and  burn  with  the  blue  flame  of  burning 
alcohol. 

All  these  processes  go  on  at  the  expense  of  the  oxygen  of  the  air, 
which  in  time  would  disappear.  It  has  been  estimated  that  it  would 
require  900,000  years  to  consume  all  the  oxygen  in  the  air  and  convert 
it  into  carbonic  acid.  Long  before  this,  however,  life  would  have  ceased 
on  the  earth,  for  a  slight  increase  in  the  amount  of  carbonic  acid  or 
diminution  of  oxygen  would  render  the  atmosphere  unfit  for  respiration. 
We  are  fortunately  not  threatened  by  any  such  catastrophe.  ]^o 

accumulation  of  carbonic  acid  can  occur  in  the  open  air  under  natural 
conditions,  for  although  carbonic  acid  is  a  heavy  gas,  it  rapidly 
diffuses. 

Two  flasks  (fig.  8)  are  connected  by  a  long  piece  of  narrow  tube.  In 
the  lower  flask  the  heavy  gas,  carbonic  acid,  is  introduced,  and  in  the 

upper  one,  the  light  gas,  hydrogen.  Owing  to  the  property  of  dif- 
fusion some  of  the  heavier  gas  will  be  found  after  a  time  to  have  passed 

into  the  upper  flask  and  the  lighter  gas  to  have  passed  downward. 
Carbonic  acid  therefore  becomes  quickly  disseminated  through  the 

atmosphere.  Vegetation  now  steps  in.  The  green  coloring  matter  of 
plants,  termed  chlorophyll,  has  the  property  in  presence  of  sunlight  of 
splitting  up  the  carbonic  acid,  absorbed  from  the  air  around,  into  carbon, 
which  it  retains  for  its  own  growth,  and  into  oxygen,  which  is  restored 
to  the  atmosphere.    We  need  not,  therefore,  trouble  ourselves  with  the 
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accumulation  of  carbonic  acid  wherever  vegetation  is  allowed  to  flour- 
ish,  and  where  the  quantity  of  carbonic  acid  does  not  accumulate  too 
rapidly  to  be  dealt  with  by  nature  in  this  manner. 

It  is  therefore  obvious  that  overcrowding,  want  of  open  spaces,  and 
the  absence  of  vegetation  favor  the  accumulation  of  carbonic  acid. 

Overcrowding  has,  however,  been  dealt  with  by  legislation,  and 
where  legislation  steps  in  we  may  be  sure  that  the  evil  is  a  real  and 
a  pressing  one. 
Governments  and  municipalities  have  recognized  the  im]3ortance  of 

open  spaces,  of  streets  of  a  certain  width,  of  open  spaces  at  the  backs 
of  houses,  of  a  certain  number  of  cubic  feet  for  each  inmate  in  lodging 
houses,  hospitals,  Avorkhouses,  prisons,  etc. 

This  will  help  to  check  the  accumulation  of  carbonic  acid.  But 

although  i)eople  are  content  to  live  in  crowded  and  smoke-laden  towns, 
vegetation  is  not  so  easily  persuaded  to  forego  its  natural  atmosphere, 
and  the  smoke  question  must  be  dealt  with  before  we  can  stop  the 
deposition  of  soot  and  let  in  the  sunlight  to  give  the  necessary  vitality 
to  plant  life,  which  should  flourish  iu  the  very  center  of  our  big  towns. 
Let  us  see  now  what  the  evil  is.  Here  is  a  table  showing  carbonic 
acid  found  in  different  places : 

CarboniG  acid  in  the  ai7\^ 
Volume,  per  cent. 

In  mines,  largest  amount  found  in  Cornwall   -7-   2.  5000 
Average  of  339  analyses   0.  7850 
In  theaters,  worst  parts  as  mucli  as    0.  3200 
In  workshoi^s,  down  to    0.  3000 
About  middens    0.  0774 

During  fogs  in  Manchester    0.  0679 
Manchester  streets,  ordinary  weather    0.  0403 
Where  fields  hegin     0.  0369 
On  the  Thames  at  London    0.0343 

In  the  London  parks  and  open  places   ,    0.  0301 
In  the  streets    0.  0380 

On  the  hills  in  Scotland,  from  1,000  to  4,406  feet  high    0.  0332 
At  the  bottom  of  the  same  hills    0.  0341 

Hills  below  1,000  feet    0.0337 
Hills  between  1,000  and  2,000  feet    0.  0334 
Hills  between  2,000  and  3,000  feet    0.  0332 
HiUs  above  3,000  feet    0.0336 

The  amount  seems  very  small.  Perhaps  the  following  diagram  will 
represent  the  proportion  more  graphically : 

The  diagram  (fig.  9)  is  divided  into  squares  showing  the  proportion 
of  nitrogen,  oxygen,  and  carbonic  aeid  in  the  volume  of  air  indicated 
by  the  large  square. 

Although  the  proportion  of  carbonic  acid  in  good  and  bad  air  is  so 
inconsiderable,  we  must  not  be  led  into  supposing  that  the  difference  is 
negligible.    There  are  many  examples  known  to  the  chemist  in  which 

'  Angus  Smith. 
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a  minute  quantity  of  impurity  may  i)ro(luce  effects  apparently  quite  dis- 
proportionate to  the  cause.  We  liave  it  on  the  authority  of  Professor 

Koberts-Austen  that  a  difference  of  one  tenth  per  cent  of  carbon  in 
steel  rails  may  be  a  very  serious  matter. 
The  steel  cylinder,  containing  compressed  oxygen,  whicli  recently 

burst  at  the  station  at  Bradford  with  such  fatal  effect,  contained  only 

three-tenths  per  cent  too  much  carbon — an  amount,  however,  quite  suf- 
ficient to  account  for  the  mischief. 

The  steel  dies  used  in  the  mint  should  strike  40,000  coins  on  the  aver- 

age, yet  if  the  die  contained  one-tenth  too  much  carbon  it  would  not 
strike  iOO  pieces  without  cracking. 

Let  us  see  what  is  the  full  effect  of  the  difference  in  carbonic  acid  in 

town  and  country  air.  If  we  take  country  air  to  contain  0.03  and  town 
air  0.04  per  cent  of  carbonic  acid,  or  a  difference  of  0.0 L  per  cent,  it  will 
amount  to  about  1  additional  quart  of  carbonic  acid  inhaled  during  the 
day,  supposing  we  take  into  our  lungs  2,600  gallons  of  air  per  diem. 

This  would  weigh  about  30  grains,  an  amount  sufficient  to  kill  ten 
people  if  the  poison  were  as  virulent  as  white  arsenic.  Moreover,  we 
must  remember  that  if  we  inhale  1  quart  of  carbonic  acid  more  we  take 

in  1  quart  Jess  of  life-supporting  oxygen.  Is  carbonic  acid  really  so  pois- 
onous that  a  quart  or  gallon  more  carbonic  acid  and  a  corresponding 

amount  of  oxygen  less  would  be  hurtful  to  this  extent"?  The  answer 
is  '^  No."  Although  from  experiments  made  by  Angus  Smith  in  an  air- 

tight leaden  chamber,  when  pure  carbonic  acid  was  introduced  to  the 
extent  of  3.84  per  cent,  two  friends  suffered  after  a  few  minutes  from 
headache,  and  he  himself  soon  felt  great  discomfort,  it  is  known  that 

workers  in  soda-water  factories,  where  the  amount  of  carbonic  acid  in 
the  air  reaches  0.1  per  cent,  are  not  injuriously  affected.  Yet  our  senses 
detect  the  difference  between  town  and  country  air.  We  can  x>erceive 
the  difference  between  Manchester  town  air  and  that  of  the  outskirts — 

a  difference  of  only  0.0034  i^er  cent — or  between  the  air  of  the  streets 
and  the  parks  of  London,  which  amounts  to  0.004  per  cent.  Why  can 
we  detect  these  minute  differences?  ,  Because,  as  Angus  Smith  says, 
carbonic  acid  always  comes  in  bad  company.  It  is  its  bad  companions 
that  affect  us.  It  is  the  sulphurous  acid,  which  accomi^anies  burning 
coal  and  gas;  it  is  the  organic  poison  which  accompanies  the  exhala- 

tions from  the  body. 

The  latter  is  the  subject  to  which  I  uoav  wish  to  direct  your  attention. 
It  is  obviously  very  important  to  determine  minute  differences  of  car- 

bonic acid  in  the  air  so  that  we  may  guard  against  the  least  increase 
in  carbonic  acid  in  the  atmosphere.  As  little  as  0.004  per  cent  can  be 
detected  by  our  senses,  as  we  have  seen,  and  a  difference  of  0.02  per  cent 
is  not  pleasant  when  caused  by  want  of  ventilation.  Angus  Smith  says : 

"We  all  avoid  an  atmosphere  of  0.1  per  cent  in  a  crowded  room,  and  the 
experience  of  civilized  men  is  that  it  is  not  only  odious,  but  unwhole- 

some.   When  people  speak  of  good  ventilation  in  dwelling  houses  they 
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mearij  without  knowing  it,  air  with  less  than  0.07  per  cent  of  carbonic 
acid.  We  must  not  conclude  that  because  the  quantity  of  carbonic 
acid  is  small,  the  effect  is  small.  The  conclusion  is  rather  that  minute 
changes  in  the  amount  of  this  acid  are  indications  of  occurrences  of  the 

highest  importance." 
What  is  the  substance  which  accompanies  the  breath'? 
Dr.  Eansome  says  that  ''the  aqueous  vapor  arising  from  the  breath 

and  from  the  general  surface  of  the  body  contains  a  minute  proportion 
of  animal  refuse  matter  which  has  been  proved  by  actual  experiment  to 
be  a  deadly  poison.  It  is  this  substance  which  gives  tbe  peculiar  close, 
unpleasant  smell  which  is  perceived  on  leaving  the  fresh  air  and  enter- 

ing a  confined  space  occupied  by  human  beings  and  other  animals,  and 
air  thus  charged  bas  been  fally  proved  to  be  the  great  cause  of  scrofu- 

lous or  tubercular  diseases,  and  it  is  the  liome  and  nourisher  of  these 
subtle  microscopic  forms  of  life  that  have  lately  become  so  well  known 
under  the  title  of  germs  of  disease  or  microzymes.  It  is  probably  the 
source  of  a  large  part  of  that  increase  of  mortality  that  seems  inevitably 

to  follow  the  crowding  together  of  the  inhabitants  of  towns."  These 
views  are  shared  by  such  eminent  men  as  Dr.  Foster,  Prof.  Du  Bois- 
Eaj^mond,  Dr.  Carpenter,  Sir  Douglas  Galton,  and  others. 

But  in  what  manner  has  the  above  statement  been  put  to  the  proof? 

I  desire  to  refer  to  a  very  ingenious  experiment  which  has  been  car- 

ried out  by  the  French  physiologist  Brown-Sequard.     ̂  
Fig.  10  represents  diagramatically  an  exiDcriment  similar  to  that  of 

Brown-Sequard.  Four  bell  jars  are  connected  by  glass  tubes  in  such 
a  way  that  by  aspirating  air  through  the  open  tube  connected  with 
the  fourth  bell  jar  a  current  of  air  is  made  to  travel  through  the  series 
in  the  direction  indicated  by  the  arrows.  Between  the  third  and  fourth 
bell  jars  a  vessel  is  inserted  containing  strong  sulphuric  acid,  which 
removes  the  organic  matter  from  the  air  passing  into  the  last  bell  jar. 
By  confining  mice  in  these  jars,  the  first  mouse  will  get  the  fresh  air, 
the  second  will  breathe  air  vitiated  by  the  first,  and  so  on,  the  last 
mouse  breathing  the  whole  of  the  carbonic  acid  given  off  from  the 
lungs  of  the  first  three.  In  this  experiment  the  third  mouse  would 
die,  but  not  the  fourth,  proving  that  it  is  the  organic  poison  rather 
than  the  carbonic  acid  in  bad  air  that  produces  the  most  serious 
effects. 

Whatever  may  be  the  exact  nature  of  this  poison,  of  which  little  more 
than  its  mere  existence  is  known,  there  can  be  little  doubt  that  the 
amount  in  town  air,  indicated  by  0.001  per  cent,  produces  a  cumulative 
effect  ui)on  our  vitality,  which  makes  us  long  for  fresh  country  air,  and 
which  no  doubt  enhances  the  depression  induced  by  the  gloom  of  our 
city  surroandings. 

Health  like  charitj^  begins  at  home,  and  we  should  therefore  start  by 
studying  the  conditions  under  which  we  live  in  our  own  dwellings. 

Let  us  consider  the  case  of  a  person  sitting  in  a  room  and  consuming 
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10.— Brown-Sequard  experiment  with  expired  air. 

11.— Ascent  of  warm  air. 

A  B 

12.— Principles  of  ventilation  and  heating. 
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2,600  gallons  of  air  in  twenty-four  hours,  or  breathing'  out  16  cubic  feet 
an  hour  of  air  containing  5  per  cent  of  carbonic  acid.  For  the  air  to 
remain  fairly  fresh  the  amount  of  carbonic  acid  should  not  rise  above 
0.06  per  cent;  that  is  to  say,  the  amount  of  carbonic  acid  should  not 
increase  more  than  0.02  per  cent,  supposing  the  air  to  contain  originally 
0.04  per  cent.     How  much  fresh  air  will  be  needed  per  hour  ?     This  may 

be  calculated  as  follows:  —-^x  16=4,000  cubic  feet. 

Air  can  not  be  renewed  more  than  three  or  four  times  per  hour  with- 
outproducing  a  ijerceptible  current  or,  as  we  should  say,  causing  a  draft. 
It  therefore  follows  that  each  individual  should  be  allotted  at  least 

zr^  =  1000  cubic  feet  of  air  space.    This  renewal  of  air  in  closed  places 4 

constitutes  a  branch  of  study  termed  ventilation.     I  have  not  time  to 
discuss  fully  this  important  subject.     A  whole  course  of  lectures  might 
be  delivered  upon  it.    All  that  I  can  do  in  the  short  time  at  my  disposal  is 
to  indicate  the  principles  which  underly  it.    The  replacement  of  vitiated 

air  bj^  fresh  air  without  creating  draft  is  the  basis  of  good  ventilation. 
This  necessitates  a  flow  of  air.  This  flow  of  air  may  be  produced  by 

mechanical  means — a  fan  or  pump  driving  in  air,  exhausting  the  bad, 
or  doing  both  simultaneously — or,  more  frequently  in  dwelling  houses, 
by  the  natural  currents  produced  by  hot  air. 

When  air  becomes  warm  it  expands.  A  certain  bulk  of  this  air  com- 
pared with  an  equal  bulk  of  the  original  air  will  be  lighter.  The  warm 

air  therefore  ascends,  colder  air  replaces  it,  and  a  flow  of  air  is  thereby 
produced.  To  show  that  warm  air  ascends,  a  large  glass  globe  open  at 
the  top  and  bottom  is  supported  ui^ou  blocks  (fig.  11).  On  introducing  a 
Bunsen  burner  at  the  lower  opening  a  strong  upward  current  of  air  is 
produced,  which  causes  a  spiral  of  j)aper  pivoted  to  the  horizontal  rod 
to  revolve  rapidly.  Strips  of  tissue  paper  gummed  around  the  edge  of 
the  top  opening  form  vertical  streamers,  also  indicating  the  presence 

of  an  air  current.  Toy  fire  balloons  of  tissue  paper  illustrate  this  prop- 
erty of  heated  air  exceedingly  well. 

It  is  for  this  reason  that  the  warm  air,  which  includes  the  expired 
air,  finds  its  way  toward  the  top  of  a  room.  It  is  for  this  reason  also 
that  an  open  fireplace  with  a  good  chimney  produces  a  current  of  air, 
which  rushes  up  the  chimney  to  the  extent  of  150  to  300  cubic  feet  per 
minute.  These  two  effects  may  be  combined  to  draw  off  the  vitiated 
air  by  introducing  an  opening  into  the  chimney  near  the  ceiling.  But 
although  by  this  means  bad  air  is  withdrawn  and  fresh  air  enters,  the 
method  of  ventilation  can  not  be  considered  wholly  satisfactory.  In 
my  dining  room  with  a  good  fire  burning,  I  have  found  that  the  air 
passes  up  the  chimney  at  the  rate  of  240  cubic  feet  a  minute  with  the 
door  open,  and  200  cubic  feet  a  minute  with  the  door  closed.  In 
the  first  case  the  fresh  air  comes  mainly  through  the  open  door ;  in  the 
second,  it  finds  its  way  through  the  chinks  round  the  door  or  between 
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the  window  saslies.  It  naturally  follows  that  where  cold  air  is  enter- 
ing through  small  inlets  to  supply  200  cubic  feet  a  minute,  drafts  are 

frequently  experienced  by  persons  in  the  room,  unless  mechanical  con- 
trivances are  arranged  for  directing  the  cold  air  to  the  top  of  the  room. 

It  follows  that  ventilation  produced  by  the  currents  set  up  by  warm 
air  is  closely  connected  with  the  methods  of  warming  a  room.  Regarded 
from  this  point  of  view,  the  open  fireplace  is  the  reverse  of  economical. 
The  whole  of  the  heating  is  here  produced  by  radiation;  that  is,  by  heat 
passing  from  the  fireplace  to  the  walls,  ceiling,  and  floor,  which  in  turn 
transfer  their  warmth  to  the  air  in  contact  with  them,  and  this  repre- 

sents a  small  fraction  of  the  heat  passing  up  the  chimney. 
A  more  economical  method  is  to  warm  the  air  of  rooms  by  means  of 

steam  or  hot-water  pipes;  but  in  this  case  there  is  no  natural  ventila- 
tion, no  fresh  air  is  introduced  as  with  the  open  fireplace,  and  special 

means  must  be  provided  to  supply  the  defect. 
Another  method  is  to  supply  a  house  with  fresh  air,  which  has  been 

slightlj^  warmed  by  passing  it  around  a  stove  fixed  in  the  basement  or 
out  of  doors.  In  this  case,  if  a  suitable  exit  is  provided  to  permit  the 
vitiated  air  to  escape,  a  constant  current  of  fresh  air  is  set  up,  which 
may  effect  the  whole  heating  and  ventilation  of  an  ordinary  dwelling 
house  at  a  comparatively  small  cost  for  fuel.  In  large  buildings,  such 
as  warehouses  and  factories,  the  same  result  is  effected  by  pumping  in 
at  the  basement  fresh  air,  warmed  by  passing  throtigh  a  stove  and  mixed 
in  any  desired  proportion  with  cold  air  and  drawing  off  the  vitiated 
air  by  means  of  an  exhaust  fan  placed  at  the  top  of  the  building. 
These  princiiDles  may  be  demonstrated  by  the  following  experiments: 

The  illustration  (fig.  12)  represents  a  shallow,  air-tight  box  with  a 
glass  front.  Three  small  circular  holes  are  bored  along  one  side  equi- 

distant and  one  at  the  bottom  of  the  opposite  side.  In  A.  this  hole  is 
fitted  with  a  glass  j  piece,  the  top  vertical  end  of  which  iDasses  through 
a  cork  of  a  lamp  chimney.  Through  the  same  cork  a  gas  burner  is 
fitted.  The  box  is  filled  with  a  dense  fog  by  blowing  in  ammonium 
chloride  fumes  and  is  brightly  illuminated  by  a  lantern.  When  the  gas 
jet  in  the  chimney  is  burning,  one  of  the  circular  holes  is  opened  to 
the  air,  and  the  lower  vertical  end  of  the  T  piece  closed,  we  have  on 
a  small  scale  the  conditions  of  ventilation  in  a  room  with  an  open  fire- 

place. The  air  enters  through  one  or  all  of  the  circular  holes,  appearing 
in  the  fog  like  black  smoke,  and  the  white  fumes  are  observed  to  issue 
from  the  top  of  the  lamp  chimney.  The  other  experiment  figured  at 
jB  is  to  illustrate  heating  and  ventilation  by  warm  air.  Air  enters  the 
box  through  the  bent  pipe,  Avhich  is  heated  by  a  burner.  The  warm  air, 

which  appears  at  the  top  of  the  foggy  chamber  as  a  dark  cloud,  grad- 
ually displaces  the  fog,  which  is  driven  out  at  the  lower  left-hand  aper- 

ture aod  the  chamber  is  thus  filled  with  warm  fresh  air. 

The  importance  of  placing  within  the  reach  of  every  person  a  method 
of  determining  quickly  and  accurately  the  amount  of  carbonic  acid  in 
the  air  has  induced  me  to  devise  a  process,  a  description  of  which  will 
be  found  in  the  apjjendix. 





# 

13.— Luminosity  bj-  solid  matter, 

li 

g 

a.  Be 

14:.— Experiments  -with  flame. 

15.— Principles  of  smoke  prevention. 

The  Air  of  Towns. 



THE    AIR    OF    TOWNS.  13 

Lecture  2. — Smoke. 

Smoke  is  solid  matter  giveu  oft'  (Inring  burniug.  Gunpowder  smoke 
is  largely  mineral  salts  and  so  is  tobacco  smoke.  Coal  smoke  is  soot — 
that  is  mainly  wliat  chemists  call  carbon.  All  the  common  inflammable 

substances,  coal,  wood,  paraffin,  petroleum,  benzine,  as  well  as  coal  gas, 
contain  carbon  and  in  luminous  flames  the  carbon  can  readily  be  shown 
as  soot.  I  have  only  to  bring  this  white  plate  into  the  candle  flame 
and  ̂ \e  have  as  you  see  at  once  a  deposit  of  soot.  This  soot  in  the 

flame  is  white  hot  and  gives  to  the  flame  its  luminosity.  The  lumi- 
nosity imparted  by  solid  matter  to  a  nonluminous  flame  may  be  readily 

demonstrated. 

Here  is  a  blow  pipe  (flg.  13),  fed  with  coal  gas  and  oxygen,  which 
gives  as  you  see  a  nonluminous  flame  like  burning  spirits  of  wine,  but 
it  is  nevertheless  a  very  hot  one,  for  as  soon  as  I  introduce  a  lump  of 
infusible  material,  like  quicklime,  the  latter  becomes  in  a  moment 
white  hot  and  brilliantly  luminous. 

But  an  ordinary  luminous  flame  is  not  necessarily  a  smoky  one, 
because  the  soot  burns  when  it  reaches  the  outside  of  the  flame  and 
comes  into  contact  with  the  air. 

Why  is  it,  then,  that  luminous  flames  are  sometimes  smoky  and  some- 
times not?  Coal  and  wood,  benzine,  paraffin,  turpentine,  and  often 

tallow  and  wax  candles  burn  and  give  off  soot.  It  is  because  there  is 
too  little  air  where  the  flame  is  hottest.  The  soot  as  it  passes  up  gets 
cool  and  when  it  reaches  a  new  air  supply  it  is  too  cold  to  take  fire. 
It  is  this  that  makes  a  candle,  with  a  wick  that  requires  snuffing,  give 
a  smoky  flame,  because  Avith  the  long  wick  it  is  supxdying  more 
combustible  to  the  flame  than  the  surrounding  air  can  burn.. 
An  ordinary  oil  lamp  smokes  until  the  chimney  is  put  on.  Then  the 

draft  up  the  chimney  is  increased,  more  air  is  supplied,  the  flame  gets 
hotter  and  therefore  brighter,  and  the  soot  is  burned  up. 

Here  is  a  smoky  turpentine  flame.  By  blowing  oxygen  through  the 
center  a  brilliant  nonsmoky  flame  is  produced. 

In  a,  fig.  14,  Ave  have  a  section  of  the  apparatus.  It  consists  of  a 
metal  tube,  furnished  at  the  top  with  a  hollow  metal  rim,  which  is  filled 

with  cotton  wool  soaked  in  turpentine;  h  represents  the  smoky  tur- 
pentine flame  and  c  the  flame  after  admission  of  oxygen. 

Soot  or  coal  smoke  is  then  an  inflammable  part  of  the  fuel  and  Avhere 
soot  is  allowed  to  escape,  the  fuel  is  lost.  If,  then,  we  not  only  feed  the 
flame  with  more  air,  but  at  the  same  time  make  the  soot  hot  the  smoke 
is  consumed.  These  are  the  two  simple  principles  of  smoke  prevention. 
Let  me  show  you  this  by  an  experiment  with  a  model  furnace,  flue,  and 
chimney  (fig.  15).  This  consists  of  a  straight  metal  pipe  open  at  both 
ends  and  perforated  with  air  holes  near  the  lower  end.  A  bent  metal 
arm  is  fixed  on  by  a  T  jjiece  and  represents  the  flue.  The  furnace  is 

represented  by  a  turpentine  lamp,  Avhich  burns  inside  the  sheet-iron 



14  THE    AIR    OF    TOWNS. 

case.  Volumes  of  smoke  issue  from  the  top  of  the  chimney  until  a 
Bunsen  flame  is  introduced  within  the  lower  end  of  the  chimney,  when 
the  smoke  suddenly  ceases. 

Various  forms  of  grates  and  furnaces  have  been  proposed  for  pre- 
ventiug  smoke 5  some  utilize  more  of  the  heat,  and  so  reduce  the  con- 

sumption of  coal;  others,  by  various  devices  of  air  inlets  at  certain 
times  of  firiug  and  at  special  points  of  the  grate,  burn  up  the  smoke 
before  it  passes  to  the  flue. 

I  do  not  intend,  for  I  do  not  feel  competent,  to  explain  the  advantages 

or  disadvantages  of  the  large  variety  of  smoke-preventing  appliances 
now  before  the  public.  A  great  deal  has  been  written  on  the  subject 
by  competent  persons,  and  anyone  who  wishes  for  information  may 

very  easily  procure  it.^ 
What  are  the  effects  of  smoke?  Before  attacking  this  question,  we 

ought  to  consider  the  extent  of  the  evil. 
I  am  making  determinations,  which  are  now  in  progress,  and  though 

still  very  incomxflete  I  am  able  to  give  an  approximate  estimate  of  the 
amount  of  solid  matter  in  the  air  of  Leeds  which  is  mainly  due  to 
smoke.  There  is  daily  sent  into  the  air  of  Leeds  20  tons  of  soot,  of  which 

one-half  ton  falls,  and  of  that  one-half  ton,  20  to  25  pounds  stick;  that 
is,  are  not  removable  by  rain.  How  have  these  figures  been  arrived 
atf  I  have  found  that  in  the  town  100  cubic  feet  of  air  contain  on 

the  average  over  1  milligram  of  solid  matter  which  is  mainly  due  to 
smoke.  If,  now,  we  take  the  most  thickly  ijopulated  area  of  the  city  as 

covering  4  square  miles,  and  supposing  the  sooty  atmosphere  to  pene- 
trate to  a  height  of  300  feet,  the  amount  of  solid  matter  will  be  about 

800  pounds,  constantly  floating  over  these  4  square  miles.  If,  further, 
we  assume  that  the  air  of  the  town  is  renewed  from  ten  to  fifty  times  in 
twelve  hours,  according  to  the  strength  of  the  wind  (and  it  is  nearer 
the  latter  than  the  former  number,  as  I  will  show  in  a  moment),  this 
will  mean,  taking  the  higher  number,  rather  under  20  tons  of  smoke 
delivered  to  the  atmosphere  during  the  working  day.  Why  do  I  take 
fifty  as  the  frequency  of  atmospheric  renewal?  The  difference  in  the 
amount  of  carbonic  acid  between  country  air  and  town  air  such  as  is 

found  on  the  average  in  industrial  centers  like  Glasgow  and  Manches- 
ter, and  we  may  also  include  Leeds,  is  O.Ql  per  cent.  There  are  at  least 

4,000  tons  of  coal  burnt  in  Leeds  every  twenty-four  hours,  yielding 
12,000  tons  of  carbonic  acid,  and  in  addition  there  are  300  tons  given 
off  from  the  lungs  of  the  inhabitants,  i.  e.,  in  all,  12,300  tons.  If  we 
keep  to  the  same  area  of  4  square  miles  and  the  same  height  of  300 

^I  should  recommend  the  following  pamphlets :  The  report  of  "The  National  Asso- 
ciation for  Testing  Smoke-Preventing  Appliances/'  the  address  of  whose  secietary 

is  Mr.  Fred  Scott,  44  John  Dalton  street,  Manchester.  ''On  the  abolition  of  smoke 
from  steam  boilers,"  by  T.  Patterson,  M.  D.  Publishers,  Chronicle  Office,  Oldham. 
''The  Smoke  Nuisance,"  by  Herbert  Fletcher,  published  by  John  Hey  wood,  Deans- 
gate,  Manchester.  "Eeport  of  the  Sheffield  Smoke  Abatement  Association,"  pub- 

lished by  Leader  &  Sons,  21  Fargate,  Sheffield. 
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teet,  wbicb  we  took  as  tlie  smoke-iufected  area,  tlie  amount  of  carbonic 
acid  would  be  about  1  per  cent  higber  in  twenty-four  bours,  or  Avould 
bave  to  be  renewed  fifty  times  in  twelve  bours  to  keep  down  tbe  aver- 

age amount  of  carbonic  acid  to  0.04  per  cent. 
Let  us  attack  tbe  problem  in  anotber  way.  In  Professor  Eoberts- 

Austen's  report  on  tbe  London  smoke- abatement  exbibition  a  large 
number  of  analyses  are  given,  from  wbicb  it  is  easy  to  calculate  tbe 
weigbt  of  smoke  from  coal  burnt  in  bouse  fires.  Tbese  analyses  refer 

to  diiferent  kinds  of  smoke-preventing  domestic  fire  grates  burning 

different  kinds  of  coal.  According  to  tbese  results  about  5  -per  cent  of 
tbe  coal  burnt  gets  into  tbe  air.  Mr.  Kussell,  of  tbe  Yorksbire  Col- 

lege, and  myself  experimented  in  tbe  same  direction  and  arrived  inde- 
pendently at  tbe  same  conclusion,  witbout  bavin g  referred  to  tbe 

results  of  Eoberts- Austen's  analyses. 
If  we  take  100,000  tons  as  tbe  bouse  consumption  of  coal  in  tbe  year 

for  Leeds,  tbis  is  equivalent  to  about  11  tons  in  twenty-four  bours 
tbrougbout  tbe  year.  If  we  allow  aa  equal  amount  for  factory  cbimneys, 

tbis  brings  it  to  22  tons  in  twenty-four  bours.  Or  if  we  follow  Scbeurer- 
Kestner  and  take  one-balf  to  tbree-fourtbs  per  cent  as  tbe  amount  of 

coal  given  oft'  as  smoke  from  boiler  furnaces,  tben  if  Leeds  consumes 
1,500,000  tons  of  coal  a  year,  or  4,000  tons  a  day,  one-balf  per  cent  ui^on 
tbis  is  equivalent  to  20  tons  a  day.  So  you  see  tbat  wbicbever  way 
we  work  our  calculation  we  can  not  get  below  20  tons  of  smoke  a  day, 
and  I  consider  tbat  tbis  figure  represents  a  minimum  quantity  ratber 
tban  tbe  true  average. 
And  now  as  to  tbe  amount  tbat  falls.  Tbe  winter  before  last  snow 

fell  on  January  7.  A  sample  covering  1  square  yard  was  carefully 
removed  from  a  gravestone  in  tbe  parisb  cburcbyard  a  sbort  time  after 
tbe  fall  ceased.  Tbe  snow  was  melted  and  analyzed.  Fresb  samples 
were  taken  and  analyzed  on  tbe  following  tbree  days.  Tbey  contained 

a  variety  of  tilings  in  solution — ammonium  sulpbate,  sulpbate  of  lime, 
and  free  sulpburic  acid,  all  mainly  derived  from  coal.  We  need  not 
trouble  ourselves  about  tbese  at  i^resent,  altliougb  we  can  not  mask  tbe 
injury  wbicb  tbis  corrosive  acid  produces  upon  vegetation  and  tbe  stone 
and  brick  work  of  our  buildings. 

It  is  tbe  solid  matter  wbicb  now  concerns  us. 

Here  are  some  of  tbe  samples  (fig.  16) :  A  was  collected  on  tbe  first 
day,  B  on  tbe  second,  C  on  tbe  tbird,  and  I)  on  tbe  fourtb.  Tbe  accu- 

mulation of  soot  is  evident  from  tbe  deptb  of  color. 
Tlie  weigbt  of  solid  matter  carried  down,  as  determined  from  tbe  first 

sample,  was  equivalent  to  16  bundredweigbt  on  tbe  square  mile.  Tbe 
additional  weigbt  of  soot  wbicb  accumulated  eacb  day  was  equivalent 
to  4  bundredweigbt  on  tbe  square  mile;  or,  if  we  take  a  smaller  quantity 
as  an  average  over  tbe  4  square  miles  of  tbe  city,  we  arrive  at  tbe  daily 
smoke  fall  of  about  one-balf  ton. 

It  is  impossible  to  say  wbat  proportion  of  tbe  soot  in  tbe  air,  during 
tbe  snowfall,  tbe  16  bundredweigbt  represents,  but  it  all  points  in  one 
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direction,  that  the  waste  of  fuel  in  the  form  of  uuburnt  coal  passing 
into  the  air  is  prodigious.  Estimated  for  the  whole  country,  it  would 
mean  not  an  insignificant  item  of  loss  to  the  nation. 

Before  we  can  understand  the  effects  of  smoke  we  must  learn  its 

composition.  I  have  analyzed  two  samples,  one  of  which  was  deposited 
on  the  orchid  houses  at  Chelsea  during  fog,  and  the  other  was  obtained 

from  jRy  chimney  swee^D.  They  contained  respectivelj^  14  and  15  per 
cent  of  a  nasty,  sticky  oil.  Were  the  soot  pure  carbon  it  would  be 
comparatively  haruiless.  It  would  possess  no  smell,  it  would  not  adhere 
to  anything,  and  the  first  fall  of  rain  would  wash  it  away.  Unfortn- 
nately,  this  is  not  the  case.  Wherever  the  soot  alights  a  great  part  of 
it  sticks,  and  no  amount  of  raiu  water  will  remove  it.  That  is  why  our 
buildings  become  permanently  black  and  foliage  is  discolored. 

In  order  to  demonstrate  to  you  the  effects  of  this  sticky  material 
in  the  soot,  I  analyzed  the  deposit  on  three  glass  plates,  1  foot  square, 

which  have  been  stationed  in  different  spots — one  at  Pool  (about  9 
miles  from  the  center  of  Leeds),  one  on  the  roof  of  the  Yorkshire 

College  (about  1  mile  from  Leeds),  and  one  on  the  roof  of  the  Philo- 
sophical Hall  (in  the  town) — all  being  removed  from  the  immediate 

neighborhood  of  chimneys.  This  is  the  appearance  (fig.  17)  which 

two  plates  present  after  a  years'  exposure,  one  in  the  country  and  the 
other  in  town.  A  remained  clean  and  transparent,  whereas  B  was 
quite  opaque. 
A  series  of  experiments  of  this  nature  extending  over  many  months, 

in  which  the  deposit  after  washing  was  weighed,  showed  that  the 
deposit  on  the  Philosophical  Hall  plate  was  twenty-four  times  and  on 
the  Yorkshire  College  plate  ten  times  that  on  the  Pool  plate,  the  latter 
being  insignificant  in  quantity. 

The  effect  of  breathing  such  a  filthy  atmosphere  can  only  be  indi- 
rectly gauged.  That  it  plays  no  insignificant  part,  by  clogging  the  air 

passages,  in  bringing  about  the  high  mortality  from  respiratory  diseases, 
so  conspicuous  in  all  industrial  towns,  can  not  for  a  moment  be  doubted. 
Its  fatal  effects  upon  vegetation  are  obvious.  The  green  leaf  of  the 

plant  is  its  perspiring  organ,  and  the  leaf  is  provided  with  little  pores — 
the  stomata.  When  these  get  clogged  with  soot  the  plant  dies,  just  as 
a  human  being  would  if  the  pores  of  his  skin  were  closed  by  a  layer  of 
varnish.  But  the  soot  in  the  air  does  more  than  this.  The  plant 
derives  the  principal  material  for  its  growth  from  the  carbonic  acid  in 
the  air.  By  the  aid  of  the  green  coloring  matter,  the  chlorophyll,  which 
is  found  in  the  leaf  or  stem,  the  carbonic  acid  of  the  air  is  decomposed, 
the  oxygen  being  restored  to  the  atmosiDhere  and  the  carbon  retained 
by  the  plant.  This  process  only  occurs  vigorously  in  sunlight.  What, 
then,  must  be  the  effect  of  the  black  deposit  upon  the  leaf  in  shutting 
out  that  light,  and  what  must  be  the  effect  of  the  smoke-laden  air  in 
preventing  the  passage  of  the  sun's  rays? 

Here  are  photographs  of  two  leaves  gathered  near  the  town  (fig. 

18).    From  half  of  each  the  deposit  of  soot  has  been  wiped  off'  and  the 



18.— Photographs  of  leaves,  showing  deposit  of  soot;  half  removed. 
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green  color  then  bleaclied,  without  disturbing  the  sooty  dej^osit  on  the 
other  half. 

The  diminished  amount  of  sunlight  received  in  the  town  of  Leeds 

may  be  gathered  from  the  simultaneous  records  taken  at  the  Philo- 
sophical Hall  and  at  Adel  (4  miles  from  the  city).  In  the  year  1892,  there 

was  43  per  cent,  and  in  1893,  30  per  cent  more  sunshine  at  Adel  than 
in  Leeds.  This  is  the  record  of  hours  of  sunshine,  but  not  of  its  inten- 

sity. The  latter,  had  it  been  recorded,  would  probably  have  shown  a 

still  greater  difi'erence.^  I  said  that  the  snow  in  the  parish  churchyard 
contained  acid — sulphuric  acid.  This  acid  is,  like  soot,  derived  from 
coal,  for  it  is  never  found  in  the  country.  The  sulphur  in  the  coal, 

which  is  present  to  the  extent  of  from  1  to  3  percent,  burns,  and  a  por- 
tion passes  up  the  chimnej^  as  sulphurous  acid,  and  then  into  the  open 

air.  It  is  this  sulphurous  acid  which  imparts  to  town  fog  its  choky 
and  irritating  effects.  In  the  open  air  it  is  rapidly  converted  into  the 

much  more  corrosive  substance — sulphuric  acid,  which  nearly  always 
accompanies  soot,  and  it  is  found  with  soot  on  leaves,  and  probably 
promotes  their  early  withering  near  towns.  Moreover,  it  corrodes  the 
mortar  and  stone  Avork  of  our  buildings. 

The  following  table,  prepared  by  the  Manchester  air  analysis  com- 
mittee, gives  the  analyses  of  deposits  upon  leaves  gathered  in  and  near 

the  city.  The  places  are  arranged  in  the  order  as  we  pass  from  the 
outskirts  to  the  center  of  the  town: 

Deposits  on  holly  or  aucuba  leaves  collected  December  14-16,  1801. 

[Milligrams  per  square  meter  of  leaf  surface.] 

Locality. 1     Solid 
1   matter. 

Sulphuric acid. 

131 
7.2    : 

B1.5 10.4     ! 
420 

26.0 

448 19.0 
728 27.5 

838 

24.2 

Alexandra  Park   

Owens  College   

I     Hulme   

Harpurliej-   
!     Infirmary   

Albert  Square   

It  has  been  said  that  however  much  you  may  do  away  with  smoke, 
you  will  never  remove  this  acid;  it  will  still  i)ass  into  the  air.  Quite 
true;  but  to  anyone  who  advances  that  as  an  excuse  for  the  smoke 
maker,  I  would  say  this :  Soot  is  an  oily  substance  not  wetted  by  water. 
The  acid,  therefore,  attached  to  it  is  not  washed  aAvay  by  rain  so  rapidly 
as  it  certainly  would  be,  if  it  were  not  in  contact  Avith  this  film  of  oily 
matter.  Although  sulphurous  and  sulphuric  acids  are  injurious  to 
plants,  I  do  not  believe  the  quantity  given  off  from  our  chimneys  would 
prove  nearly  so  hurtful  as  it  is  now  in  company  with  soot. 

There  are  real  or  imaginary  difficulties  in  the  way  of  stopping  smoke 
from  house  fires,  yet  I  firmly  beUeve  that  before  another  generation  has 

'Since  this  lecture  was  dehvered  experiments  on  the  intensity  of  the  hght  have 
been  made  and  will  be  found  in  Appendix  IT. 

231a   2 
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passed  awaj^  people  will  look  back  upou  the  hideous  heap  of  black  stones 
stowed  away  in  an  ornamental  box  in  every  dwelling  room  as  we  now 
contemplate  the  tinder  box  or  the  tallow  candle.  But  if  domestic  chim- 

neys are  responsible  for  half,  or  even  more  than  half  the  smoke,  it  is  no 
reason  why  we  should  suffer  from  the  other  half  if  it  can  be  removed. 
Let  me  now  direct  your  attention  to  the  legal  aspect  of  the  question. 
It  may  be  said  that  this  lies  beyond  the  province  of  the  scientific  man, 
but  my  conscience  would  not  be  satisfied  if  I  did  not  link  to  a  subject, 
which  I  regard  as  of  serious  importance,  the  knowledge  of  how  the 
evil  may  be  compassed.  Legislation  in  regard  to  smoke  abatement  is 
to  my  mind  as  simple  as  it  is  just. 

The  Public  Health  Act,  1875,  part  1,  subsection  7,  states: 

**For  the  purposes  of  this  act,  anj  firei)lace  or  furnace  which  does 
not,  as  far  as  practicable,  consume  the  smoke  arising  from  the  com- 

bustible used  therein,  and  which  is  used  for  working  engines  by  steam, 
or  in  any  mill,  tactory,  dyehouse,  brewery,  bakehouse,  or  gas  work,  or 
in  any  manufacturing  or  trade  process  whatever,  shall  be  deemed  to 
be  a  nuisance,  and  liable  to  be  dealt  with  summarily  in  the  manner 

provided  by  this  act." 
This  is  in  regard  to  furnaces.  In  respect  of  chimneys,  the  second  part 

of  subsection  7  of  section  91  says : 

^'For  the  purposes  of  this  act  any  chimney,  not  being  the  chimney  of 
a  private  dwelling  house,  which  emits  black  smoke  in  such  quantities 
as  to  be  a  nuisance,  shall  be  deemed  a  nuisance,  and  liable,"  etc. 

Put  briefly,  the  law  is  this:  Every  factory-chimney  owner  who  is 
not  using  the  best  practicaible  means  for  preventing  smoke,  whether  the 
quantity  is  large  or  small,  is  acting  contrary  to  the  law. 

Before  the  alkali  act  existed,  wherever  alkali  makers  erected  their 
plant  they  were  like  plague  spots;  vegetation  died  for  miles  around, 

making  the  neighborhood  of  the  works  a  bare  wilderness  like  the  dis- 
trict of  St.  Helens  is  to  this  day.  The  alkali  act  did  not  stop  these 

works.  It  simi)ly  prescribed  that  the  best  practicable  means  should 
be  adopted  to  prevent  the  escape  of  acid,  and  inspectors  were  appointed 
to  see  how  far  this  could  be  carried  out.  What  happened?  Before 
long  a  most  efficient  method  was  found  to  condense  the  acid  fumes. 
The  acid  turned  out  to  be  a  profitable  commercial  article,  and  now 
the  amount  of  acid  escaping  into  the  air  is  invariably  under  the 

minimum  quantity — a  very  minute  amount — prescribed  by  the  present 
act  of  Parliament. 

Government  has  acted  with  equal  wisdom  in  regard  to  factory  chim- 
neys. No  particular  form  of  furnace  is  prescribed,  but  only  the  best 

practicable  means  for  preventing  smoke. 

If,  then,  a  manufacturer  is  sending  out  not  black  smoke,  but  one  par- 
ticle of  soot — 

'^Be  it  so  miicli 

As  makes  it  light  or  heavy  in  the  substance 
As  the  division  of  the  twentieth  part 

Of  one  poor  scruple;  nay,  if  the  scale  do  turn 

But  in  the  estimation  of  a  hair/' 
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which  might  by  other  find  better  means  be  prevented,  he  violates  the 
law. 

The  second  part  of  the  act  relating  to  chimneys  should  be  unneces- 
sary if  the  first  were  properly  carried  out.  That  it  is  necessary,  arises 

from  the  fact  that  convictions  are  almost  impossible,  because  the  smoke 

maker  may  always  urge  in  his  defense  that  his  liirnace  is  the  best  he 
can  procure  for  the  purpose,  whi(;h  statement  the  magistrate  is  usually 
willing  to  accept. 

Could  it  be  shown  that  the  complete  consumption  of  smoke  would  be 

to  the  advantage  of  the  smoke  maker,  as  it  was  in  the  case  of  the  alkali 

maker,  factory  chimneys  would  soon  cease  to  smoke.  Before  I  go  fur- 
ther, I  wish  to  establish  a  claim  to  uiiderstand  the  smoke  maker  and 

to  symijathize  to  some  extent  with  him.  I  was  for  a  few  years  assistant 
manager  in  a  large  chemical  works.  If  there  is  an  industry  where 
excuse  may  be  found  for  smoke  it  is  in  a  chemical  works.  Of  the  five 
boilers  on  the  works  some  ay  ere  used  for  machinery,  others  for  distilling 
purposes.  Sometimes  during  the  day  the  boilers  were  working  at  low 
pressure,  at  other  times  they  had  to  deliver  the  maximum  amount  of 
steam.  Then  there  were  a  large  number  of  small  furnaces  for  special 
products,  and  here,  again,  the  firing  was  irregular  from  the  necessity  of 
the  case.  In  additiim  to  this,  noxious  vapor  had  to  be  treated  before 
the  gases  escaped  into  the  chimney.  One  could  scarcely  expect  that 
with  all  this  intermittent  firing,  the  chimney  should  make  no  smoke. 
Much  more  might  be  urged  on  the  part  of  smelting  works,  which 
have  even  greater  difficulties  to  encounter  in  the  way  of  fume  and  the 
nonobstruction  of  draft.  Yet  no  works  are  exempt  from  the  act,  and 
the  best  practicable  means  should  be  enforced  everywhere. 

Now,  although  I  think  I  am  able  to  take  a  fair  view  of  the  manufac- 

turer's case,  my  sympathies,  I  confess,  are  with  the  workingman.  No 
doubt  some  of  these  men,  the  firemen,  are  directly  responsible  for 
much  unnecessary  smoke.  This  has  often  been  advanced  as  an  excuse 

for  the  manufacturer.  I  do  not  think  it  is  a  legitimate  one.  A  manu- 
facturer ought  to  know  and  appreciate  better  than  his  workmen  the 

evils  of  smoke,  and  should  exercise  the  authority  he  possesses  to 
enforce  his  more  enlightened  ideas.  It  is  certainly  the  workman  who 
bears  the  brunt  of  the  polluted  atmosphere.  I  lived  for  a  time  near 

the  works  I  have  described,  right  in  the  heart  of  a  manufacturing  dis- 
trict. Of  the  character  of  the  district  you  may  form  some  idea  from 

the  fact  that  within  almost  a  stone's  throw  of  my  door  were  three  tar 
works,  two  other  chemical  works,  an  iron  foundry,  a  fire-brick  works,  a 
colliery,  and  an  alkali  works.  Opposite  my  lodging  was  a  row  of  cot- 

tages similar  to  the  row  in  which  I  lived  and  behind  it,  like  a  great 
scaffold,  rose  the  winding  gear  of  the  colliery.  At  the  back  of  the 
house  was  the  yard  of  a  tar  works  with  its  desolate,  black  beds  of  pitch, 
and  beyond  a  mountain  of  alkali  waste,  sending  forth  day  and  night  its 
fetid  odor  of  sulphuretted  hydrogen.     This  smell,  combined  with  the 
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vapors  of  pitch,  which  was  run  out  in  the  early  morning,  was  sometimes 
wafted  into  my  bedroom  and  would  awaken  me  with  an  indescribable 

feeling  of  nausea.  Fill  up  the  scene  with  a  forest  of  smoky  chimneys, 
begrimed  walls,  screeching  steam  whistles,  and  the  steadj^  rumble  of 
strings  of  coal  carts,  and  you  have  a  picture  which  represents  the  not 
unusual  surroundings  of  the  workingman  in  a  manufacturing  district. 
There  he  lives,  buried  in  one  great,  blank  mass  of  ugliness,  neither 
vestige  of  green  around  his  dwelling  nor  even  an  untainted  sky  above 
his  head. 

T  do  not  think  that  in  passing  through  such  a  spot  it  is  possible  to 
imagine  the  life  that  belongs  to  these  surroundings.  It  certainly  made 
an  imi^ression  upon  me,  which  I  never  previously  realized  and  which  I 
shall  not  readily  forget.  Perhaps  not  the  least  melancholy  side  to  this 
picture  is  the  reference,  which  Mr.  Acland  made  to  it  in  a  recent  speech : 

^^All  those  who  are  making  a  careful  study  of  the  condition  of  our  towns 
were  perfectly  aware  of  this  fact,  that  a  great  deal  of  the  work  in  the 

towns,  which  necessitated  strong  and  healthy  men,  especially  in  Lon- 
don, was  done  by  those  who  had  been  brought  up  in  country  homes,  and 

not  in  those  of  the  towns."  However,  I  have  no  wish  to  appeal  to  any 
sentimental  feeling.  Political  economy  has  nothing  in  common  with  it, 

we  are  told,  and  "business  is  business,"  which  I  suppose  means  the  same 
thing.  I  have  pointed  out  that  some  few  works  have  to  fire  their  fur- 

naces intermittently  and  some  smoke  or  fume  may  be  unavoidable. 
This  does  not  apply  to  the  large  majority  of  steam  users,  who  require  a 
fairly  steady  steam  pressureT;hroughout  the  day.  Let  us  see  what  is 
the  opinion  of  persons  who  have  carefully  studied  the  question. 

The  Sheffield  Smoke  Abatement  Association  subcommittee,  after  a 

careful  experimental  inquiry,  state  that  "it  is  certain  that  smoke  may 
be  almost  entirely  and  completely  prevented  from  steam-boiler  chim- 

neys." Deputations  from  the  cor]3oration  of  Bolton,  Kochdale,  Black- 
burn, Bury,  Oldham,  Middleton,  and  many  local  boards,  made  a  round 

of  visits  to  smokeless  works,  and  the  corporation  of  Rochdale  passed  a 
resolution  that  there  was  to  be  found  in  the  market  apparatus,  by  which 
coal  could  be  burnt  for  trade  purposes  economically  and  smokelessly. 

A  special  subcommittee  of  the  Blackburn  corporation  passed  a  resolu- 
tion, stating  that  "they  are  convinced  that  the  smoke  nuisance  in 

Blackburn  can  be  for  all  practical  purposes  done  away  with  by  the 
application  of  these  coking  machines,  and  that  it  is  of  advantage  to 
the  steam  users  to  use  them ;  and  they  are  further  of  opinion  that  no 

hardship  will  be  inflicted  uj)on  steam  users  if  the  law  respecting  nui- 

sance from  smoke  is  strictly  enforced."  The  larger  boroughs  named 
are  now  all  prosecuting. 

From  the  following  list  of  works  using  smokeless  apj)liances,  compiled 
by  Mr.  Herbert  Fletcher  in  1888,  it  is  interesting  to  note  the  great  variety 
of  industries  represented.  To  this  list  must  be  added,  further,  28  firms 
representing  174  boilers  since  adapted  with  smokeless  appliances. 
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INSTANCES   OF   FIRMS   USING   SMOKELESS   FURNACES. 

The  following  is  a  list  of  firms  who  are  known  to  be  burning  bitumi- 
nous coal  smokelessly,  and  whose  works  should  be  visited  by  manu- 

facturers before  stating  on  oath  that  they  have  done  everything 
possible  in  order  to  comply  with  the  Public  Health  Act.  The  furnaces 
are  by  Vicars,  Sinclair,  Cass,  and  Jukes: 

Tait  &  Sons,  sugar  refiners.  Liverpool. 

Gossage  &  Sons,  soap  works  Widnes. 
Musgrave  &  Sons,  cotton 

spinners     Bolton. 

Walter  Cannon,  cotton  spin- 
ner        Do. 

P.  Crook,  Limited,  cotton 
spinner         Do. 

Wardle  &  Brown,  cotton 

weaving         Do. 
John  Fletcher,  colliery         Do. 
Astley  tt  Tyldesley  Coal  Co., 

colliery      Manchester. 
Colmau,  mustard     Norwich. 

Electric  Supply  Co.,  elec- 
tricity     Liverpool. 

Brandley  Mining  Co.,  Lim- 
ited, lead  mines     Keswick. 

Wilson,  ''Evening  News"-.   Edinburgh. 
North  British  Rubber  Co., 

India  rubber         Do. 

R.&  R.Clark         Do. 

Alex.  Cowan  &  Son,  paper. .       Do. 
Jas.  Milne  &  Sou         Do. 

W.  *&  R.Chambers, printers.       Do. 
Gall  &  Inglis,  printers         Do. 

Gunn  &  Cameron,  "Daily 
Mail "    Glasgow. 

Brown,  Stewart  &  Co.,  pa- 
per mills         Do. 

J.  &  P.  Coats,  thread  mills.   Paisley. 
F.  S.  Sandeman,  jute  mills..   Dundee. 
Pirie  &  Sons,  paper         Do. 
Robertson    &   Or  char,  iron 
foundry         Do. 

Chas.  Lyell         Do. 

Royal  Mint   London. 

Hydraulic  Power  Co   Do. 

Lion  Brewery  Co.,  Lambeth Do. 

South wark    and    Yauxhall 
Water  Co   Do. 

De  la  Rue  &  Co.,  jirinters.. Do. 

Waterlow  &  Son,  printers. . 
Do. 

Sir  Jos.   Causton   &    Sons, 
printers   Do. 

Wm.  Clowes  &  Son,  printers Do. 

Wyman  &  Sons,  printers.. . Do. 
Jos.  Barber  &  Co.,  wharfin- 

gers   Do. 

J.  S.  Bradford,  paper  mak- 
1 
1 

ers'  materials   Do.               1 
Leadenhall     Market     Cold 

Storage  Co.,  ice  makers. . 
Do. 

J.  W.  French  &  Co.,  flour 
mills   Do. 

Vogan  &  Co.,  millers   Do. 

W.  B.  Dick  &  Co.,  oil  mills. Do. 

Jas.  Gibbs  &  Co.,  oil  mills.. Do. 

Peak,  Frean  &  Co.,  biscuit 
makers   Do. 

Henry  Tate  &  Sons,  sugar 
refiners   Do. 

David    Martineau    &    Son, 
sugar  refiners   Do. 

Abram  Lyle  &  Son,  sugar 
refiners   Do. 

D.  &  W.  Gibbs,  soap  works. Do. 

Rich'd  Wheen  &  Son,  soap 
works   Do. 

Jno.   Knight   &   Son,   soap 
works   Do. 

Hy.  Ash  well   Nottingham. 
Tetley  &  Son,  brewers   Leeds. 

There  is  only  one  conclusion  to  be  drawn  from  this,  that  the  majority 
of  smoke  makers  are  acting  in  violation  of  the  law.  The  smoke  banners 

which  they  fly  from  their  chimney  tops  are  the  black  flags  of  piracy. 
They  are  pirating  the  pure  air,  which  is  the  property  of  everyone. 

Here  is  a  scene  (fig.  19)  which  may  be  observed  any  hour  of  the  day 
in  Leeds. 

What  remedy,  then,  should  I  propose?     I  would  have  a  government, 
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not  a  municipal,  smoke  inspector,  a  scientific  man  of  wide  practical 

experience,  lilvc  our  allvali  inspectors — tlie  offices  in  fact  might  be  com- 
bined. In  tbe  matter  of  smoke  abatement,  the  local  authority  and 

inspector  are  useless.  I  am  not  speaking  specially  of  Leeds,  for  in 
nearly  every  town  where  a  strong  desire  has  been  shown  to  abate 
smoke,  the  local  authority,  which  had  the  power,  has  usually  done 

nothing.  The  ratepayers'  representatives  are  either  smoke  makers  or 
have  smokemaking  friends,  and  the  municipal  smoke  inspector  is,  as 
a  rule,  not  equal  to  the  task. 

The  relation  of  a  municipal  to  a  government  smoke  inspector  might 
be  compared  to  that  of  a  sympathetic  friend  and  the  family  doctor. 
You  have  a  bad  headache  and  feel  ill  and  your  good  hearted  friend 
calls  in.  Aiter  making  inquiries,  he  suggests  various  remedies  as 
certain  cures  for  your  ailment.  You  say  you  have  tried  everything 

under  the  sun,  but  you  are  no  better.  Then  comes  the  family  doc- 

tor. "Hello!"  says  he;  "I  see  what  is  wrong;  we'll  soon  put  you  all 

right." 
I  will  read  you  the  deliberate  utterance  on  this  subject  of  Her  Maj- 

esty's ex-chief  alkali  inspector,  Mr.  A.  E.  Fletcher,  which  ought  to 
carry  weight : 

"There  are  difficulties  in  making  any  change.  Masters  will  not  take 
the  trouble  to  alter  their  furnaces,  nor  will  the  men  alter  their  method 
of  stoking  the  fires  unless  they  are  compelled.  The  numberless  alter- 

ations made  in  the  construction  and  conduct  of  chemical  works  during 
the  last  twenty  years  would  never  have  been  carried  out  but  for  the 
pressure  brought  on  the  manufacturers  by  means  of  the  alkali  act. 
So  it  will  be  with  the  smoke  nuisance.  Men  are  too  idle  or  too  much 
occupied  to  move  in  such  a  matter  until  pressure  from  outside  is  ai)plied. 
The  moral  pressure  must  come  from  the  public,  and  it  should  be  made 

some  one's  business  to  see  that  the  law  regarding  it  is  put  in  force." 

This  question  is  a  workingman's  question.  He  is  or  should  be  most 
interested  in  it.  His  health,  his  home,  and  his  surroundings  are  infected 
by  the  smoke  plague  far  more  than  those  of  his  wealthier  neighbors. 

I  believe  that  if  the  employer  Avere  obliged  to  put  in  an  efficient 

smoke-preventing  appliance,  of  which  there  are  several  in  the  market, 
he  would  reap  advantages  in  two  ways.  He  would  probably  econo- 

mize in  fuel  and  the  health  of  his  workmen  would  be  improved.  But, 
as  the  alkali  inspector  says,  the  manufacturer  will  not  change  his 
method  until  he  is  obliged,  and  the  moral  pressure  must  come  from  the 

public. 
May  it  before  long  be  said  of  Leeds  not  only  of  the  morning,  but  of 

all  and  every  day, 

''Tills  city  now  doth  like  a  garment  wear 
The  beauty  of  the  morning ;  silent,  bare 

Ships,  towers,  domes,  theaters,  and  temples  lie 
Open  unto  the  fields  and  to  the  sky 

All  bright  and  glittering  in  the  smokeless  air.'^ 





20.— Moisture  drawn  from  the  air. 

21,— Moisttire  taken  up  by  the  air. 

23.— Dust  particles  in  the  air  (highly  magnified).
 

The  Air  of  Towns. 
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Lecture  3.— Toavn  Fog. 

Before  discussing  the  nature  and  eiiects  of  town  fog,  we  will  begin, 
as  in  the  first  lecture  in  the  case  of  carbonic  acid,  by  seeking  for  its 
origin. 

Town  fog  is  mist  made  white  by  ]N"ature  and  painted  any  tint  from 
yellow  to  black  by  her  children;  born  of  the  air  of  particles  of  pure 
and  transparent  water,  it  is  contaminated  by  man  with  every  imaginable 
abomination.  That  is  town  fog.  How  does  this  mist  arise?  It  is 
water  vaj)or  or  steam  always  present  in  the  air  in  varying  quantities, 
which  by  a  fall  of  temperature  suddenly  appears  either  as  mist  or  rain, 
snow,  hail,  or  dew,  according  to  the  extent  and  rapidity  of  cooling  and 

the  amount  of  water  vapor  present  in  the  air  at  the  time.  The  follow- 
ing experiments  will  make  this  evident: 

A  little  ether  is  placed  in  this  bright  silvered  cup  (fig.  20);  on 
rapidly  evaporating  the  ether  by  blowing  air  through  it  by  means  of  a 
hand  bellows  the  temperature  is  lowered,  and  the  bright  surface  soon 
becomes  dimmed  with  a  deposit  of  moisture  from  the  air. 

If,  on  the  other  hand,  I  bring  a  flame  under  the  jet  of  steam  (fig. 
21),  which  is  now  visible  through  partial  condensation  in  the  form  of 
mist,  i.  e.,  fine  water  drops,  the  mist  suddenly  vanishes,  for  the  warmer 
air  can  now  take  up  the  water  in  its  invisible  form  as  vapor.  When  I 
remove  the  flame  the  mist  again  appears. 

There  is  one  interesting  and  curious  fact  about  the  formation  of  fine 

particles  of  mist  or  the  larger  particles  we  call  rain  drops  or  dew — that 
the  starting  iioint,  the  nucleus,  of  each  of  these  particles  of  water  is  a 
speck  of  dust,  a  speck  so  minute  that  it  is  generally  invisible  to  the 
naked  eye.  Without  dust  there  is  no  mist  or  rain  or  dew.  It  is  solid 
matter  which  is  the  starting  point  for  the  deposition  of  moisture. 
What  would  happen  if  air  free  from  dust  were  saturated  with  moisture 

and  the  temperature  fell*?  Water  would  be  deposited,  but  only  on  solid 
objects.  It  would  deposit  on  the  ground  and  on  our  buildings.  It 
would  stream  down  the  walls  of  our  houses  and  soak  the  surface  of  the 

earth.  Every  solid  thing  out  of  doors  would  be  wet,  but  no  mist  would 
appear  and  no  rain  would  fall. 

Mist  is  the  ofispring  of  vapor  and  dust.  What  is  the  character  and 
quantity  of  this  dust!  We  know  that  it  exists.  We  know  that  it  is 

very  plentiful  in  our  houses.  As  far  as  we  know,  it  exists  everywhere; 
but  of  course  the  quantity  varies  and  varies  enormously,  as  we  shall 
presently  see. 

Here  is  a  slide  (tig.  22)  which  shows  some  of  the  things  composing 
the  dust  of  a  dwelling  room  highly  magnified. 

We  find  in  it  particles  of  soot,  crystals,  fibers,  vegetable  cells,  spores 
and  pollen  grains,  starch  grains  and  meteoric  iron,  the  remains  of  insect 
life,  and  living  germs.  Of  the  character  of  this  dust,  I  shall  have  more 
to  say  in  my  next  lecture.     Much  of  it  is  so  fine  that  it  is  invisible  under 
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ordinary  circumstances.  It  is  only  when  a  beam  of  light  in  a  darkened 

place,  a  ray  of  sunlight  in  a  room,  a  street  lamp  on  a  dark  night,  illu- 
minate these  little  particles  so  that  they  stand  out  against  a  darker 

background  that  we  see  them — the  so-called  motes  dancing  in  the  beam. 
It  is,  in  fact,  these  little  particles  which  make  the  beam  of  light.  With- 

out the  particles  the  path  of  the  beam  would  be  invisible.  The  path  of 
light  from  a  luminous  body  without  solid  matter  to  obstruct  and  reflect 
it  is  absolute  and  unqualified  darkness.  Here,  if  I  pass  a  strong  beam 
of  light  from  an  electric  arc  lamp  (fig.  .23)  through  the  side  windows  in 
this  wooden  box  free  from  dust  the  beam  is  cut  out  where  it  enters  the 

box  and  reappears  on  the  other  side,  where  the  light  emerges. 
We  can  learn  something  more  from  this  experiment.  The  dust  is 

mainly  organic;  that  is,  tlie  product,  living  or  dead,  of  animal  and  plant 
life,  living  germs  or  dead  spores  or  animal  and  vegetable  refuse  matter; 

for  if  1  now  bring  a  red-hot  poker  or  a  Bunsen  flame  beneath  the  beam, 
black  smoke  appears  to  rise.  The  black  smoke  merely  indicates  the 
absence  of  dust  particles  where  they  are  burnt  up  by  contact  with  the 
source  of  heat.  I  will  now  perform  a  third  instructive  exiDcriment  to 
show  how  little  of  the  dust  breathed  into  our  lungs  finds  its  way  back 
into  the  air;  for  the  air  jjassing  out  of  the  luDgs  cuts  a  hole  in  the  beam, 
showing  the  absence  of  dust  in  the  breath.  These  interesting  experi- 

ments were  first  devised  by  the  late  Professor  Tyndall. 
I  take  an  ordinary  lamp  chimney  (fig.  24),  at  the  bottom  of  which 

a  bent  tube  passes  through  a  cork.  By  breathing  out  air  from  the  lungs 
at  the  constricted  part  of  the  beam,  the  beam  is  interrupted  from  the 
absence  of  dust. 

And  now  let  us  see  how  far  our  theory  of  fog  is  capable  of  illus- 
tration. 

I  have  in  this  large  glass  vessel  (fig.  25)  air  standing  over  water. 
The  air  is  of  course  saturated  with  moisture.  There  is  within  the 

vessel  a  little  electric  lamp,  which  will  render  more  evident  any 

change  taking  place  withiu.  If  I  cool  the  air,  moisture  will  be  depos- 
ited, but  according  to  our  theory  it  should  only  appear  as  mist,  if  dust 

particles  are  present.  As  the  air  in  the  vessel  has  been  standing  out 
of  contact  with  the  outside  atmosphere  for  two  days,  we  may  assume 
that  the  dust  now  has  all  subsided  and  dropped  into  the  water.  On 

cooling  the  air,  we  should  see  no  mist.  We  can  cool  the  air  conven- 
iently and  rapidly  by  making  use  of  the  property  which  air  possesses 

of  becoming  colder  on  sudden  expansion.  I  have  only  then  to  exhaust 
the  air  partially  by  an  air  pump  by  attaching  it  to  this  bent  tube  which 
passes  into  the  interior  to  produce  the  necessary  conditions  for  the 
formation  of  mist,  a^ow  1  have  done  so,  and  you  observe  that  no  mist 
appears.  I  can  now,  through  this  second  bent  tube,  draw  in  a  little  air 
laden  with  dust  from  the  room.  I  will  now  cool  the  air  again,  and  you 
see  at  once  that  a  fog  appears  within  the  vessel.  If  I  pass  in  more  dust 
particles,  which  I  am  now  doing,  and  pump  out  the  air  again,  we  have 
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23,  24.— Beams  of  li^ht  through  dustless  air. 

25.— Nature  of  fog. 
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a  very  typical  and  dense  Leeds  fog.  Tlie  more  dust  particles  tLere  are, 
the  thicker  the  fog. 

Before  passing  to  the  subject  of  town  fog,  I  should  like  to  say  a  word 
or  two  about  the  weight  and  number  of  those  dust  jjarticles  which  we 

see  play  such  an  important  part  in  the  production  of  fog.  The  experi- 
ments we  have  just  seen  have  been  turned  to  account  by  the  distin- 

guished physicist  John  Aitken,  to  determine  the  number  of  dust 
particles  in  the  air.  By  using  a  small  vessel  and  dusty  air  largely 
diluted  w  ith  air  free  from  dust,  he  has  succeeded  in  loroducing  an 
apparatus,  in  which  the  dew  drops  or  mist  drops  are  sufficiently  small 
in  number  to  be  counted.  As  the  apparatus  is  exceedingly  simple 
in  construction,  I  propose  to  explain  it.  Fig.  26  represents  the 

instrument,  which  for  the  sake  of  explanation,  is  drawn  partly  in  sec- 
tion. It  consists  of  a  shallow  circular  metal  box  of  known  capacity, 

furnished  top  and  bottom  with  glass  plates.  It  stands  upon  two  cylin- 
ders opening  into  it.  One  cylinder  forms  a  small  air  pump  and  con- 

tains a  piston.  The  other  is  provided  with  three  taps,  the  bores  of 
which  hold  a  measured  volume.  The  top  tap  holds  the  smallest  and 

the  bottom  one  the  largest  volume.  Below  these  there  is  a  plug  of  cot- 
ton wool,  and  at  the  bottom  of  cylinder,  which  is  closed  at  the  end,  is 

a  small  hole  through  which  air  can  enter.  Above  the  metal  box  is  a 
magnifying  lens  and  below  a  reflector.  The  lower  glass  plate  of  the 

box  is  divided  into  measured  squares,  etched  on  the  glass.  The  atmos- 
phere within  the  box  is  kept  saturated  with  moisture  by  means  of 

strips  of  damp  blotting  iDaper.  By  drawing  down  the  iDiston  with  the 
taps  in  the  position  shown  in  the  diagram,  air  enters  the  metal  box 
through  the  cotton  plug,  which  frees  it  from  dust.  To  test  a  sample  of 
air,  one  of  the  taps  (determined  by  the  amount  of  dust  present)  is 
turned  through  a  right  angle  so  that  the  bore  is  horizontal.  It  now 
communicates  directly  with  the  outside  air  as  represented  at  a^  which 
shows  it  in  section.  By  turning  it  back,  the  bore  again  communicates 

with  the  metal  box.  The  piston,  which  is  at  the  top,  is  now^  drawn 
down  and  the  sample  of  dusty  air  is  drawn  up  along  with  filtered  air 
into  the  metal  box.  By  again  raising  the  piston  and  drawing  it  down 
rapidly,  a  deposition  of  moisture  occurs,  which  falls  in  drops  on  the 
glass  squares,  such  as  is  represented  on  the  top  squares  in  the  diagram 

at  h.  These  drops  are  counted  and  from  this  the  number  of  dust  parti- 
cles may  be  ascertained. 

The  following  are  the  average  number  of  dust  particles  in  town  and 

country  air  taken  from  Aitken's  observations:  Country,  8,000  to  100,000 
per  cubic  inch ;  town,  1,000,000  to  50,000,000  per  cubic  inch.  I  was  not 

satisfied  with  simply  exhibiting  Mr.  Aitken*s  results,  and  sol  borrowed 
the  instrument,  which  he  kindly  placed  at  my  service,  in  order  to  find  out 
the  character  of  the  air  in  Leeds.  The  following  results  were  obtained 
on  a  fine  day  with  the  wind  blowing  from  the  northwest.  The  relative 
position  of  the  places  of  observation  are  noted  on  the  diagram  (fig.  27). 
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Xumhe)'  of  dust  particles  in  Leeds  air Per  cubic  inch. 

Woodhouse  Moor,  north\Yest  wind    530,  000 
Tennis  Court,  Yorkshire  College    852,  000 
Town  Hall  Square,  Leeds    1,228,000 
Paris  Churchyard,  Leeds    3,  638.  000 
Glasgow  Town,  northwest  wind  ( Aitlieu)    3,  736,  000 
Flour  mill,  Leeds  . ,    3, 113.  000 

There  is  one  curious  fact  about  these  results,  to  which  I  would  call 
your  attention.  There  are,  you  will  observe,  fewer  dust  particles  in  a 
flour  mill,  where  the  air  is  thick  with  dust,  than  in  the  comparatively 
clear  air  of  the  churchyard.  This  was  a  puzzle  to  me  at  first,  but  I  think 
it  may  be  explained  by  the  fact  that  the  particles  in  the  iiour  mill  are 
larger  and  therefore  more  visible.  As  to  the  size  of  the  panicles,  they 
may  be  accounted  for  possibly  by  coalescence  produced  by  electrifica- 

tion. This  curi  ous  effect  of  coalescence  of  dust  particles  by  electrification 

may  be  easily  demonstrated.  We  haA'e  only  to  connect  one  conductor 
of  an  electric  machine  with  a  wire  passing  through  the  top  of  a  bell  jar 
containing  fumes  from  burning  magnesium,  when,  on  turning  the 

pjmachine,  a  little  whirlwind  of  particles  is  set  up  and  in  a  moment,  as 
you  see,  all  the  solid  matter  has  deposited  in  coarse  grains  round  the 
sides  of  the  vessel  (fig.  28). 

Let  us  now  return  from  this  digression  to  the  fog  once  more  and  fol- 
low its  life  history. 

With  a  calm  atmosphere,  a  high  barometer  and  a  fall  of  temperature,  a 
film  of  water  coats  every  little  floating  particle  of  dust,  as  it  were,  with 
an  overcoat  to  keep  out  the  cold.  A  white  fog  slowly  enshrouds  the 
town.  Each  particle  of  dust  now  heavily  weighted  with  its  unwontejl 
cloak  of  moisture  has  its  progress  impeded,  hangs  or  falls,  but  does  n(  , 

rise,  and  in  its  turn  impedes  the  movement  of  the  air.  Stagnation  >  i 
the  atmosphere  is  produced,  especially  as  wind  is  light  with  fog.  Whc^t 
happens?  An  accumulation  of  products  of  combustion  occurs,  viz,  of 
carbonic  acid,  sulphurous  acid,  and  soot,  which  under  ordinary  condi 
tions  are  rapidly  dispersed.  Our  senses  give  us  abundant  evidence  of 
this  in  the  case  of  soot  and  sulphurous  acid.  Our  faces  and  clothes  are 

soon  begrimed  and  our  eyes  and  throats  suffer  from  the  irritating  efi'ects 
of  the  acid.  Carbonic  acid  shows  a  like  increase,  again  illustrating 

the  well-known  axiom  that  carbonic  acid  always  comes  in  bad  company. 
The  table  which  I  now  project  on  the  screen  shows  the  increase  of 

carbonic  acid  during  fog: 

Carljonic  acid  in  London  air.^ 

January  19, 1882.  Slight  white  fog     0.048 
January  25, 1882.  Dense  black  fog      ...     .  105 
February  1, 1882.  Very  tine   047 

February  3, 1882.  Slight  fog   062 
February  4, 1882.  Dense  black  fog   107 

1  Dr.  Enssell. 
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February  14, 1882.  Very  fine    0.  041 
December  8,  1882.  Fine   040 
December  10,  1882.  Thick,  white  fog   094 
December  11, 1882.  Thick,  white,  darker   110 
December  11, 1882.  Later  very  dark   141 
March  31, 1883.  Fine   037 

April  3, 1883.  Very  foggy   133 

You  will  notice  that  where  the  fog  is  long  continued  the  amount  of 
this  gas  increases  threefold. 

The  next  slide  gives  the  average  amount  of  sulphurous  acid  in  Man- 
chester air  during  lour  montlis  of  1892,  as  determined  by  the  Manchester 

Air  Analysis  Committee: 

Sulphurous  acid  in  Manchester  air. 

[Milligrams  of  SO3  per  100  cubic  feet.] 

Month. Minimum. Maximum. 
Average. 

0.7 

0.7 

2.0 

3.0 

3.5 

6.0 
12.0 

30.0 

1-  2 
2-4 
6-  8 
6-10 

October   

November 

December   

And  the  following  table  give^  a  number  of  determinations  from 

the  same  source  in  the  outskirts  and  the  center  of  the  town,  showing 
plainly  the  increase  of  acid  during  fog  and  the  larger  proportion  in  the 
center  of  the  town : 

[Milligrams  of  SO3  in  100  cubic  feet.] 

Date. 

Outskirts.     ̂ Ztl""^ 
town. 

September  5 . 
October  14  . . . 
November  5. . 

November  10- 

November  13. 

November  17 . 

November  19 . 

November  22. 

No  A"  ember  27. 
December  17. 
December  21 . 

December  22 . 

December  23 . 

ay. 

a  15. 

9. 

a  32, 

a  22, 
a  25, 

a  Fog. 

I  should  now  like  to  explain  to  you  briefly  the  apparatus  which  I 
devised  for  the  Manchester  Air  Analysis  Committee  for  making  these 
determinations  of  sulphurous  acid. 

The  apparatus  used  for  the  determination  of  sulphurous  acid  in  the 
air  coQsists  of  three  parts  (fig.  29).  A,  a  long  glass  tube,  about  half 
an  inch  in  diameter,  open  at  both  ends,  which  is  fixed  horizontally  so 
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as  to  project  into  the  open  air;  B,  a  glass  tower,  about  30  inches  high 
and  1^  inches  in  diameter,  open  at  the  top,  and  drawn  out  into  a  fine  jet 

at  the  bottom.  Two  side  tubes  are  fixed  to  the  tower,  one  near  the  bot- 
tom and  the  other  on  the  opposite  side  near  the  top.  The  tower  is  filled 

to  within  1  inch  of  the  upper  sidepiece  with  glass  beads,  and  into  the 

open  top  a  tap  funnel  is  inserted  through  a  tightlj^  fitting  cork.  The 

lower  side  tube  is  attached  to  the  horizontal  tube;  the  ui3per  one,  by- 
means  of  wide  india-rubber  tubing,  to  a  combined  meter  and  aspirator,  0. 
This  is  an  ordinary  wet  meter  converted  into  an  aspirator  by  attaching 
toothed  wheels  to  the  revolving  drum  and  driving  the  wheels  by  means 
of  a  wire  cord  passing  over  a  pulley  and  carrying  a  weight.  A  series 

of  dials  register  the  volume  to  the  one-hundredth  of  a  cubic  foot.  The 
method  of  conducting  the  experiment  is  as  follows :  About  250  cubic 
centimeters  of  a  solution  of  hydrogen  peroxide  in  water,  containing  about 
1  milligram  of  active  oxygen  in  each  cubic  centimeter,  is  i)oured  into 
the  tap  funnel,  from  which  it  is  allowed  to  drop  onto  the  glass  beads 
at  the  rate  of  about  one  drop  a  second.  The  liquid  passes  down  and 
out  at  the  lower  end  of  the  tube  through  the  jet,  and  falls  into  a  flask 
placed  below.  A  drop  of  liquid  which  permanently  fills  the  jet  seals 
it  effectually  from  the  entrance  of  air  from  the  interior  of  the  room. 
After  running  through,  the  liquid  is  poured  back  into  the  funnel.  The 

weight  being  wound  up,  the  volume  indicated  on  the  dial  is  read  oft', and  the  drum  set  in  motion.  With  a  column  of  beads  of  about  20  inches 

and  a  weight  of  20  pounds,  20  cubic  feet  can  be  aspirated  in  an  hour. 
Once  started,  the  apparatus  needs  no  further  supervision  until  either 
the  weight  has  reached  the  ground  or  the  solution  of  hydrogen  peroxide 

has  run  out  of  the  funnel.  The  period  required  for  this  is  readily  deter- 
mined, so  that  no  time  is  lost  in  looking  after  the  apparatus. 

Thus  we  see  that  carbonic  acid  and  sulphurous  acid,  as  we  should 
have  anticipated,  rapidly  increase  during  fog,  and,  although  I  have  no 
determinations  of  soot  to  record,  the  fact  that  it  increases  also  is  suffi- 

ciently evident. 
If  we  assume  that  dust  particles  are  the  cause  of  fog,  then  it  follows 

that  the  thickness  of  fog  depends  upon  the  number  of  these  particles 
and  the  fog  must  be  denser  in  the  town  than  in  the  country.  Moreover, 
each  particle  of  water  floating  as  fog  becomes  coated  with  a  film  of 

sooty  oil — of  that  oil  which  forms  so  large  a  constituent  of  soot.  What 
is  the  effect?  Evaporation  is  retarded  and  the  fog  persists  longer  than 

it  would  were  these  particles  composed  of  pure  water  only.  To  illus- 
trate this,  I  wish  now  to  refer  to  an  experiment,  which  has  been  pro- 

ceeding since  the  beginning  of  the  lecture.  I  then  called  your  attention 
to  the  fact  that  in  each  pan  of  this  balance  I  had  i)laced  a  large  watch 
glass  containing  water.  Onto  the  surface  of  one  watch  glass  of  water 
I  had  poured  a  drop  of  oil,  which  spread  itself  out  into  a  film.  You  now 
observe  that  this  pan  has  descended,  showing  that  evaporation  has 
proceeded  at  a  greater  rate  in  the  other  pan. 
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We  have  not  yet  touched  upon  the  evils  attending  fog.  Apart  fiom 
the  cost  due  to  the  extra  daily  consumption  of  gas,  which  is  estimated 
in  London  at  25,000,000  cubic  feet,  or  £3,125  per  annum,  there  is  a 
serious  increase  in  mortality.  The  figures  in  the  following  table  must 
be  taken  with  some  caution,  as  it  is  recognized  that  a  fall  of  temperature 
increases  the  death  rate;  but  there  can  be  little  doubt  that  the  high 
mortality  due  to  respiratory  diseases  which  occur  with  the  advent  of 
fog  must  be  in  a  large  measure  directly  traceable  to  this  cause : 

Sickness  and  mortality  in  Manchester  during  the  months  of  December  (1890),  January,  and 
February  {1891). 

I  Estimated  population,  506,325.] 

Week 

ending- 

Dec. 

Dec. 

Dec. 

Dec. 

Jan 

Jan 

Jan 

Jan 

Jan 

Feb.  7 

Feb.  14 

Feb.  21 

Teb.   28 

Weather 

(Town  Hall). 

Drj'  and  cold,  thawing   

Dry  east  winds,  hard  frost,  some  fog. 
  do   

Dry  east  winds,  hard  frost  (dense 

fog  three  days)   .>   

Overcast,  severe  frost   

Thermometer. 
Sickness  Deaths 

(weekly  numbers) .   (weekly n'mb'rs) 

Maxi- 
mum, 

48. 

40. 

40. 

40. 

41. 

Overcast  (foggy  two  days)   '      40. 
.....do    

Overcast   

Overcast  (clear  two  days)   

  do   

Overcast   

Dull  (dense  fog  two  days)   

Clear  (dense  fog  one  day)   

Mini- 

29.8 

25.8 

18.6 

15.8 

26 
21.7 

27.8 

17 

36 34.7 

37.2 

27.6 

29 

General, 

treated  at 

public 
expense. 

780 

719 672 

448 

691 

801 

853 

708 

818 

802 

787 
929 

Infec-     ' 
tious,  re-        *  ti 

officer. 

70 
83 

70 

56  j 

59  i 

52  
' 

66 

51 

61 

52  I 

62  I 

54  I 

62 

244 

238 294 

393 

328 

341 
336 

278 

263 

211 

232 

291 

257 

Respira- 

tory 

diseases 

and 

phthisis. 
85 

87 

121 

204 

165 

153 

156 

109 
95 

78 

91 

104 

113 

I  have  little  more  to  add.  We  have  learned  one  important  lesson, 
viz,  that  dust  is  the  mother  of  mist  and  rain. 

Looking  at  the  statistics  of  the  annual  rainfall  since  the  beginning 
of  the  century,  there  appears  to  be  a  slight  increase ;  but  it  may  not 
be  due  to  an  increase  of  solid  matter  in  the  air.  Whatever  the  facts 

may  be,  it  is  interesting  to  remember  that  dust  is  its  own  destroyer. 
Eain,  snow,  and  mist  drag  it  to  the  earth,  and  so  wash  and  purify  the 

air.  Were  it  not  so,  though  the  ground  would  still  receive  its  neces- 
sary moisture,  the  greater  part  of  the  20  tons  of  smoke  daily  sent  into 

the  atmosphere  of  Leeds  would  continue  to  float  forever  in  the  ocean 
of  air  around  us.  That  atmospheric  dust  is  gradually  delivered  back 
to  the  earth  is,  however,  poor  consolation  to  us  who  suffer  from  town 
fog.  Just  as  well  might  we  promise  to  the  drowning  man  a  future 
abundant  supply  of  air,  for  the  lack  of  which  he  will  in  a  few  moments 
have  ceased  to  live.    A  lecture  is  neither  a  fable  nor  a  fairy  tale  and 
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need  point  no  moral:  but  before  briDging  it  to  a  close  I  have  one 
suggestion  to  make.  Tliose  who  have  followed  my  lectures  thus  far 
will.  I  am  confident,  agree  with  me  as  to  the  serious  importance 

of  this  subject  of  town  air  from  the  nature  and  extent  of  air  pollu- 
tion here  in  the  town  of  Leeds,  its  marked  effect  upon  the  life  of 

its  citizens,  especially  of  its  working  population,  and  its  effect  on 
vegetation,  and  indirectly,  therefore,  on  the  possibility  of  imrifying  the 
atmosphere. 
Our  medical  officers  in  their  weekly  or  quarterly  returns  usually 

include  a  certain  amount  of  interesting  and  usenil  information  about 
the  weather,  the  temperature,  and  the  barometer  readings.  These 
weather  statistics  have  their  value  in  relation  to  epidemic  and  endemic 

disease.  I  do  not  wish  to  underrate  them.  But  how  vastly  more  imj)or- 
tant  is  it  for  us  to  know  the  extent  of  our  air  pollution.  And  the  mat- 

ter carries  still  further  weigh^:  from  the  fact  that  the  weather  is  beyond 
our  control,  but  the  x^urity  of  our  town  atmosphere  lies  in  our  own 
hands.  VTe  want  our  experimental  stations,  our  watchtowers.  within 
and  outside  the  town,  where  the  condition  of  the  atmosphere  may  be 

constantly  tested,  where  with  every  new  progTessive  step  in  air  purifi- 
cation we  may  mark  the  effect  on  the  atmosphere  as  well  as  on  the 

health  of  the  citizens.  This  need  be  no  costly  undertaking.  Three  or 

four  intelligent  lads  of  15  or  16  with  a  good  board-school  training 
under  the  control  of  the  city  analyst  or  other  comj)etent  chemist  could 
manipulate  all  the  necessary  api^aratus,  which  in  itself,  as  you  have  seen, 
is  simple  and  inexpensive. 

One  word  more.  Euskin.  as  Collingwood  in  his  biography  relates, 
kept  for  fifty  years  careful  account  of  the  weather  and  effects  of  cloud. 
He  noticed  that  since  1S71  there  had  been  a  prevalence  of  chilly  wind, 

but  different  in  its  phenomena  from  anything  of  his  earlier  days.  ••  The 

plague  wind.  "  so  he  named  it.  ̂   blew  from  no  fixed  point  of  the  com- 
pass, but  always  brought  the  same  dirty  sky  in  place  of  the  healthy 

rain  cloud  of  normal  summers." 

This  "  eclipse  of  heaven'*  Euskin  regarded,  if  not  as  a  judginent.  at  all 
events  as  a  symbol  of  the  moral  darkness  of  a  nation.  In  whatever 

light  we  are  inclined  to  regard  Euskin's  opinions,  he  has  ever  been 
admittedly  a  most  careful  and  trustworthy  student  of  nature.  May  not 

this  '•  eclipse  of  heaven '"  be  the  effect  of  our  town  smoke,  which  we  know 
is  perceived  at  a  radius  of  10  miles,  and  probably  extends  many  times 
that  distance  from  some  of  our  large  towns.  I  can  not  doubt  that  the 

total  effect  of  the  millions  of  tons  of  smoke  sent  yearly  into  the  atmos- 
phere of  the  United  Elngdom  must  modify  in  some  degree  the  charac- 

ter of  our  climate. 

TVe  ought,  however,  to  take  courage  from  the  fact  that,  if  we  can  not 
get  pure  country  air  in  town,  a  vastly  purer  atmosphere  is  within  easy 
reach  if  we  would  only  grasp  it.     Then  we  may  begin  to  think  seriously 
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of  beautifying  our  buildings  and  streets  and  squares,  and  of  realizing 
the  ideal  town  described  in  my  first  lecture. , 

Lecture  4.— The  Germs  of  the  Air. 

Until  the  beginning  of  tlie  present  century,  physical  science  directed 
the  minds  of  philosophers  mainly  toward  the  study  of  the  infinitely 

great — the  discovery  of  new  worlds  in  space,  the  study  of  universal 
gravitation,  and  the  measurement  of  the  velocity  of  light.  The  present 
century  has  illumined  a  new  i3ath  in  the  Dark  Unknown.  The  science 

of  to  day  is  essentially  the  science  of  the  infinitely  small.  Dalton's 
atomic  theory,  a  theory  of  the  invisible  atomic  structure  of  matter,  is 
the  foundation  of  modern  chemistry  and  physics.  The  germ  theory  of 
disease,  a  theory  which  involves  the  existence  of  the  microscopic  living 
matter  dwelling  within  and  around  us,  is  the  basis  of  modern  pathology 
and  surgery.  It  is  to  these  minute  organisms  that  I  have  now  to  direct 
your  attention. 

The  discovery  of  these  living  particles,  particles  so  small  that  it  is 
probable  that  many  of  them  defy  the  scrutiny  of  the  most  perfect 

ndcroscope,  originated  in  the  study  of  a  very  ancient  process,  the  proc- 
ess of  fermentation. 

Boyle,  in  the  seventeenth  century,  in  his  '^  Essay  on  the  pathological 
part  of  physik,"  with  that  almost  prophetic  clearness  of  vision  which 
marked  his  conclusions,  Avrote  as  follows :  ''And  let  me  add  that  he 
that  thoroughly  understands  the  nature  of  ferments  and  fermentations 
shall  probably  be  much  better  able  than  he  that  ignores  them  to  give 
a  fair  account  of  divers  phenomena  of  several  diseases  (as  well  fevers 

as  others)  which  will,  perhaps,  be  never  x)i'operly  understood  without 
an  insight  into  the  doctrine  of  fermentations." 

The  making  of  wine  and  the  brewing  of  beer  have  been  practiced  in 
historic  and  prehistoric  times.  Theophrastes,  who  lived  in  Egypt  B.  O. 

400,  described  beer  as  the  ''wine  of  barley."  Koah,  we  read,  "planted 
a  vineyard  and  drank  of  the  wine  which  maketh  glad  the  heart  of  man," 
and  one  or  both  of  these  processes  is  practiced  by  nearly  every  nation, 
civilized  and  uncivilized,  at  the  present  day. 

If  the  grape  is  crushed  and  left  to  itself  at  a  moderate  temperature 
it  begins  to  froth.  After  a  few  days  its  sweetness,  which  was  due  to 
sugar,  has  gone  and  the  juice  has  acquired  a  slightly  burning  taste. 
It  now  contains  no  sugar,  but  alcohol.  If  barley  is  moistened  and 
allowed  to  germinate  and  the  germination  suddenly  stopped  by  roast- 

ing the  grain,  the  barley  has  a  sweetish  taste.  It  is  now  called  malt. 
The  constituents  of  the  barley  have  been  changed  j  a  new  substance 
has  been  formed,  viz,  diastase,  a  substance  which  has  the  peculiar 
property  of  converting  the  starch  of  the  grain  into  sugar  as  soon  as  the 
grain  is  steeped  in  water.    A  little  of  this  sugar  has  already  appeared 
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in  the  malt,  and  to  this  its  sweetness  is  due.  The  malt  is  now  steeped 
in  water  for  a  short  time,  the  water  is  boiled  and  rapidly  cooled,  and 

this  extract  is  called  "wort."  If  a  little  yeast  or  brewer's  barm  is 
added  to  the  wort  it  begins  shortly  to  bubble  up,  and  at  the  same  time 

a  white  scum  forms.  This  scum  is  yeast,  which  by  the  end  of  the  proc- 
ess is  foar  or  five  fold  the  quantity  of  the  original  yeast.  The  sweet- 

ness of  the  wort  has  gone,  and  in  the  place  of  sugar  it  now  contains 

alcohol.  The  making  of  wine  and  the  brewing  of  beer  are  very  simi- 
lar processes.  In  brewing,  the  brewer  adds  his  ferment  j  in  wine  mak- 

ing, the  ferment  is  with  the  grape.  ''What  has  been  done  consciously 
by  the  brewer  has  been  done  unconsciously  by  the  wine  grower."^  The 
nature  of  this  ferment — the  yeast — was  first  examined  in  1680  by 
Leuwenhoek  in  the  early  days  of  the  microscope,  and  he  found  that  it 
consisted  of  minute  globules.  More  than  a  century  and  a  half  elapsed 
before  our  knowledge  of  these  globules  was  materially  increased,  and 

then  in  1835  Cagniard  de  la  Tour,  in  France,  and  Schwann,  independ- 
ently, in  Germany,  on  carefully  observing  these  globules  noticed  that 

they  threw  out  buds,  that  they  were  in  fact  a  low  form  of  plant  life. 
Here  you  see  (fig.  30)  the  yeast  plant  in  its  various  stages  of  growth, 

the  single  spherical  cell,  then  the  bud  growing  and  developing,  and 
finally  separating  from  the  mother  cell  and  so  forming  a  new  yeast  plant. 
If  the  liquid  is  undisturbed  these  cells  remain  together  and  appear  to 
ramify  like  the  lobes  of  a  cactus  leaf. 

It  was  at  this  point  that  Pasteur  took  up  the  subject.  I  could  easily 

devote  a  lecture — nay,  a  series  of  lectures — to  the  researches  of  this 
distinguished  chemist,  which  are  models  of  scientific  acumen  and 
experimental  skill. 

It  may  suffice  to  say  that  he  incontestably  established  the  fact,  in 

spite  of  much  opposition  on  the  part  of  scientific  men,  that  the  conver- 
sion of  sugar  into  alcohol  is  brought  about,  although  we  do  not  yet 

know  how,  bj^  the  living  yeast  cell  during  its  life  in  the  liquid.  As 
long  as  yeast  is  excluded  no  fermentation  takes  place.  How  comes  it, 
then,  that  wine  ferments  spontaneously,  whereas  beer  does  not?  This 
question  was  also  answered  by  Pasteur.  The  germs  of  the  yeast  plant 
are  contained  in  the  dust  of  the  air  which  settles  upon  the  grape.  I 
will  now  show  you  on  the  screen  the  apparatus  and  explain  the  method 
by  which  Pasteur  solved  the  problem. 

The  flask  A  (fig.  31)  has  two  necks,  the  one  is  drawn  out  to  a  point, 
and  sealed,  the  other  is  also  drawn  out  to  a  fine  tube  and  bent,  as 
shown  in  the  figure.  Although  the  end  is  turned  up  and  open,  no  dust 
can  enter.  The  point  is  inserted  through  the  skin  of  the  gTape,  as 
shown  in  B  in  the  enlarged  drawing  of  the  same.  After  insertion  the 
point  is  broken  and  the  juice  sucked  into  the  flask  by  aspirating  at  the 
open  bent  limb.  The  point  was  then  fused  5  in  this  way  the  dust  from 
the  outside  of  the  grape  was  excluded  and  no  fermentation  took  place. 

^  Professor  Tyndall. 



30.— Yeast  plant. 

31.— Cause  of  vinous  fermentation. 
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Yeast  would  also  find  its  way  into  tlie  brewer's  wort;  but  this  liquid  is 
neutral  and  not  acid  like  grape  juice  and  is  capable  of  nourishing  other 

germs,  which  can  not  convert  sugar  into  alcohol,  but  yield  acid  sub- 

stances, as  the  brewer  not  unfrequently  finds  to  his  cost,  when  occa- 
sionally sucL  germs  find  their  way  into  the  fermenting  vat. 

By  adding  pure  yeast,  the  yeast  being  first  in  the  field  establishes 

itself  generally  to  the  exclusion  of  other  forms  of  life  just  as  soil  sown 
with  wheat  will  produce  wheat  and  not  weeds,  as  it  would  otherwise 

do.  The  souring  of  beer  and  wine  next  claimed  Pasteur's  attention 
and  he  found  that  certain  much  more  minute  forms  of  low  vegetable  life 

called  bacteria  or  microbes  had  the  property  of  converting  sugar  into 
acids. 

Here  are  some  of  these  much  more  minute  germs  which  are  found  in 

bad  beer  growing  in  bead-like  filaments  side  by  side  with  the  yeast 
cells  (fig.  32).  The  study  of  the  microbes  led  Pasteur  to  the  discovery 
of  a  process  for  preventing  wine  from  turning  sour.  He  found  that  a 
temiperature  below  the  boiling  point  of  water  destroyed  these  germs. 
After  the  wine  is  bottled  a  short  immersion  in  hot  water  will  kill  the 

germs  without  materially  affecting  the  flavor  of  the  wine,  and  the  wine 

will  undergo  no  change  on  keeping.  This  process  is  known  as  "pasteur- 
ization." The  production  of  vinegar  from  beer  and  wine  was  found  to 

be  due  to  the  microscopic  ferment,  which  converts  alcohol  into  acetic 
acid,  known  as  mycoderma  aceti  or  acetic  ferment,  and  which,  as  just 
stated,  is  found  in  sour  beer. 

The  germs  of  all  these  forms  of  vegetable  life  are  found  in  the  dust  of 
the  air.  This  dust  when  not  stirred  up  gradually  settles,  and  when  the 
germs  chance  to  sow  themselves  in  good  ground,  with  the  temperature 
neither  too  hot  nor  too  cold,  they  will  immediately  begin  to  grow  and 
multiply,  generally  at  a  prodigious  rate,  living  on  the  material  and 
bringing  about  its  conversion  into  new  and  usually  simpler  forms  of 
matter. 

The  inference  that  putrefaction  has  a  similar  origin  naturally  sug- 
gests itself.  We  know  that  meat  during  warm  weather  rapidly  becomes 

putrid.  Such  a  piece  of  meat  examined  under  a  powerful  microscope 
will  be  found  to  be  swarming  with  bacteria.  IsTow,  it  is  found  that 

exposure  to  the  temperature  of  boiling  water  if  sufficiently  prolonged — 
for  some  bacteria  die  harder  than  others — will  kill  them,  and  the  freez- 

ing temperature  will  render  them  inactive,  though  without  always 

destroying  them;  that  certain  so-called  antiseptics,  carbolic  acid,  cor- 
rosive sublimate,  boric  acid,  etc.,  act  as  poisons  and  kill  them.  We 

can  recall  for  ourselves  a  number  of  instances  where  one  or  another  of 

these  methods  is  employed  to  prevent  putrefaction  and  decay.  Meat 
and  milk  are  preserved  by  heating  them  in  air-tight  tins.  In  summer 
time  milk  may  be  kept  from  turning  sour  by  boiling  it,  and  game  pre- 

served untainted  by  parboiling  it.  In  a  similar  manner  cool  larders 
and  refrigerating  chambers  retard  or  prevent  putrefaction. 

231a   3 
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Perhaps  one  of  the  happiest  and  most  fruitful  results  of  the  study  of 

this  engrossing-  subject  has  been  the  antiseptic  treatment  of  disease, 
first  introduced  by  Sir  Joseph  Lister.  lu  speaking  upon  this  subject, 
the  late  Professor  Tyndall  said : 

Consider  the  woes  which  these  wafted  particles  during  historic 
and  prehistoric  ages  have  inflicted  upon  mankind;  consider  the  loss 
of  life  in  hospitals  from  putrefying  wounds;  consider  the  loss  in  places 
Avhere  there  are  plenty  of  wounds,  but  no  hospitals,  and  in  the  ages 
before  hospitals  were  anywhere  founded;  consider  the  slaughter  which 
has  hitherto  followed  that  of  the  battlefield,  when  these  bacterial 
destroyers  are  let  loose,  often  producing  a  mortality  far  greater  than 
that  of  the  battle  itself;  add  to  this  the  other  conception  that  in  times 
of  epidemic  disease  the  selfsame  floating  matter  has  mingled  with  it 
the  special  germs  with  produce  the  epidemic,  being  thus  enabled  to 
soAv  pestilence  and  death  over  nations  and  continents — consider  all  this 
and  you  will  come  to  the  conclusion  that  all  the  havoc  of  war  ten  times 
multiplied  would  be  evanescent  if  compared  with  the  ravages  due  to 
atmospheric  dust. 

If  after  disinfecting  by  killing  the  germs  we  can  exclude  the  air,  or 

the  dust  of  the  air,  the  most  putrescent  substances  may  be  kept  indefi- 
nitely without  the  slightest  indication  of  putrefaction.  Both  Pasteur 

and  Tyi^dall  have  established  this  fact  in  the  most  convincing  manner, 
the  former  by  allowing  calcined  air  (that  is,  air  passed  through  a  red- 
hot  tube)  to  come  in  contact  with  a  highly  putrescible  substance  like 

beef  extract,  the  latter  by  giving  the  substance  access  to  dust-free  air 
in  a  chamber  similar  to  one  shown  in  my  last  lecture,  the  purity  of  the 
air  being  tested  by  a  beam  of  light.  I  have  referred  to  the  relations 
of  dust  to  epidemic  diseases  in  the  paragraph  quoted  from  Professor 
Tyndall.  This  relationship  is  perhaps  not  quite  so  obvious  as  that 
which  has  been  found  to  exist  between  the  germs  of  the  air  and  festering 
wounds. 

To  discover  this  relation,  we  must  again  seek  it  in  a  research  of  Pas- 
teur— one  of  the  noblest  services  that  any  man  has  rendered  to  his 

country.     The  outline  of  the  story  is  briefly  told.^ 
For  fifteen  years,  a  plague  raged  among  the  silkworms  in  the 

silk-growing  district  which  lies  to  the  southeast  of  France.  From 
130,000,000  francs,  which  was  the  value  of  the  silk  produced  in  1853,  it 
had  dropped  to  30,000,000  francs  in  1862,  and  there  was  no  sign  of 
abatement  of  the  disease. 

In  1863  the  French  ininister  of  agriculture  offered  a  reward  of  £20,000 
to  anyone  who  should  find  a  remedy.  The  district  which  suffered  most 

was  Alais,  the  country  of  Pasteur's  friend,  the  chemist  Dumas,  Avho 
wrote  to  Pasteur,  "  I  put  a  great  price  upon  seeing  you  fix  your  atten- 

tion on  the  question  which  interests  my  poor  country.  The  misery 

there  surpasses  all  imagination."  In  June,  1865,  Pasteur  gave  up  his 
post  at  Paris  and  with  his  wife  left  for  Alais.     The  disease  of  the 

lA  fuller  account  may  be  found  in  TyndalFs  '^Dust  and  Disease." 
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silkworm  was  characterized  by  the  appearance  of  black  spots.  It 
showed  itself,  moreover,  iu  the  stunted  and  unequal  growth  of  the 
caterpillars,  in  the  languor  of  their  movements,  fastidiousness  in  regard 
to  food,  and  premature  death.  The  black  spots  which  appeared 
through  the  transparent  skin  of  the  silkworm  had  been  examined  and 
proved  to  be  living  cor]3uscles.  These  gradually  took  possession  of 
the  intestinal  canal  and  spread,  finally  filling  the  silk  cavities  so  that 
the  worm  when  its  appointed  time  came  went  automatically  through 
the  process  of  spinning,  but  without  j)roducing  any  silk.  This  was 
already  known  when  Pasteur  came  ui^on  the  scene.  By  careful  and 
constant  use  of  the  microscope  he  followed  the  life  of  these  fatal 
corpuscles. 

The  life  of  the  silkworm  is  like  that  of  any  ordinary  caterpillar. 
When  hatched  from  the  egg  the  worm,  which  is  not  much  larger  than 

a  pin's  head,  begins  to  feed  and  grow,  casting  his  skin  from  time  to 
time  when  his  coat  gets  too  tight  until,  having  attained  a  length  of 

almost  2  inches,  he  suddenly  stops  feeding  and,  having  found  a  suit- 
able spot,  he  begins  to  spin  his  silk  web  around  him. 

Within  the  cocoon  he  remains  dormant  for  a  time  in  the  chrysalis 
state,  and  then  iu  the  form  of  the  moth  makes  his  way  out  of  his  silk 
prison.  The  puzzle  which  had  baffled  previous  investigations  was 
this:  The  eggs  and  the  worm  might  appear  sound  and  healthy  and  yet 
produce  in  the  one  case  diseased  worms  and  in  the  other,  although 
spinning  their  silk  cocoons,  produce  diseased  moths  or  eggs.  Pasteur 

proved  that  "the  corpuscles  maybe  incipient  in  the  egg  and  escape 
detection,  germinal  in  the  worm  and  baffle  the  microscope."  As  the 
worm  grows  the  corpuscles  grow  5  in  the  chrysalis  they  are  more  dis- 

tinct, and  in  the  moth  they  invariably  appear.  A  diseased  moth  then 
lays  infected  eggs  which,  owing  to  the  minuteness  of  the  corpuscles, 
appear  healthy.  Moreover,  a  diseased  worm  may  infect  a  healthy  one. 
Feeding  together,  corpuscles  are  transferred  from  the  diseased  to  the 
healthy  worm,  and  the  infected  worm,  without  immediately  showing 
signs  of  disease,  may  spin  its  cocoon  and  eventually  lay  its  eggs;  but 
the  eggs  are  all  tainted.  Instead,  then,  as  silk  growers  were  in  the 

habit  of  doing,  of  selecting  the  eggs  for  the  next  year's  growth  from  the 
moths  which  had  survived  the  most  successful  cocoons,  the  microscope 
was  brought  to  bear  on  the  moths  when  the  presence  of  these  diseased 
corpuscles  was  invariably  made  evident.  This  is  the  practice  now 
adopted  by  all  silk  growers,  and  numbers  of  women  skilled  with  the 
microscope  examine  each  moth  as  it  emerges  from  tlie  cocoon. 

Here  we  have,  then,  the  first  distinct  connection  between  living  germs 
and  the  cause  of  disease,  of  infection,  and  of  hereditary  taint.  The 
constant  strain  of  microscope  work,  which  restored  to  France  lier  silk 
industry,  produced  partial  paralysis  from  which  Pasteur  never  quite 
recovered. 

It  would  be  easy  to  multiply  examples  to  which  this  great  discovery 

has  given  rise.     Tuberculosis,  diphtheria,  wool-sorter's  disease,  leprosy, 
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cliolera,  typhus,  and  tetanus  have  been  traced  to  the  existence  of  micro- 
scopic living  matter  (figs.  33,  34). 

I  have  taken  you  over  this  little  bit  of  history  in  order  to  indicate 
the  importance  of  knowing  the  number  and  character  of  the  almost 
invisible  living  germs  of  the  air,  and  this  must  be  my  apology  for  intro- 

ducing a  subject  which  may  seem  to  lie  a  little  outside  the  special  topic 
of  town  air. 

If  we  examine  dust  under  a  powerful  microscope,  we  find  that  it  con- 
sists of  a  variety  of  things,  which  I  enumerated  in  my  last  lecture 

Now,  the  greater  part  of  this  dust,  although  heavier  than  air  and  set- 
tling rapidly  where  the  air  is  still,  is  so  very  fine  as  to  be  almost  invis- 

ible except  when  illuminated  by  a  bright  beam  of  light.  Can  we  gain 

any  idea  of  the  weight  of  these  little  particles '?  In  my  second  lecture, 
I  told  you  that  the  weight  of  dust  in  100  cubic  feet  of  air  in  town  is  over 
1  milligram.  In  my  last,  that  in  the  parish  churchyard  3,638,000  dust 
particles  were  contained  in  1  cubic  inch.  From  this  it  may  be  calcu- 

lated that  about  40  million  million  dust  particles  weigh  1  grain  and 
would  occupy  a  space  of  240  cubic  yards,  or  a  space  measuring  rather 
over  6  yards  each  way. 

WiiSCt)  proportion  of  the  dust  consists  of  spores,  pollen,  and  fungi,  and 
what  proportion  do  the  bacteria  form  ?  The  amount  of  living  matter 
in  the  air  has  been  carefully  investigated  for  a  long  period  of  years  by 
M.  Miquel,  of  the  Observatory  of  Montsouris,  situated  on  the  outskirts 
of  Paris.  Tliis  careful  experimenter  has  directed  his  attention  mainly 
to  determining  the  number  of  vegetable  spores,  fungi,  and  microbes  in 
the  air  in  various  places  and  at  various  seasons  of  the  year.  He  has 
determined  the  amount  of  vegetable  matter  and  microbes  in  the  streets, 
bedrooms,  and  living  rooms  of  Paris  and  in  the  environs.  He  has  drawn 

samples  of  air  from  the  sewers  of  Paris,  and  from  the  toj)  of  the  Pan- 
theon, high  above  the  town.  He  has  examined  the  street  dust,  the  dust 

of  rooms,  of  the  soil  in  the  country,  and  in  graveyards — in  short,  the 
dust  of  all  possible  places  where  disease  germs  might  lie.  Anyone  who 

has  leisure  to  take  up  the  book  ''Les  Organismes  Yivants"  can  not  fail 
to  be  interested  in  the  results  of  so  much  laborious  work  and  of  so  many 
carefully  recorded  facts.  It  would  take  too  long  and  carry  me  beyond 
my  subject,  if  I  gave  even  a  brief  outline  of  these  results;  I  must  limit 
myself  to  town  air  and  the  minute  organisms  which  inhabit  it.  The 
vegetable  spores  and  fungi  we  may  pass  over  briefly.  This  slide  (fig. 
35)  represents  the  most  common  forms  met  with  at  the  Montsouris 
Observatory;  and  the  following  table  shows  the  average  number 

throughout  the  year  for  the  years  1878  to  1882  in  1  cubic  foot.^ 
January   200  |  Julv    786 
February    200  I  August    677 
March    155  j  September   450 
April    212  I  October    406 
May    346  j  November    252 
June      992  I  December    200 

1  Miquel. 



33a. -Bacillus  of  tuberculosis.     X1500.    (Crookshank.) 

33&.— Bacillus  of  leprosy.     X1500.    (Crookshank). 

The  Air  of  Towns. 





-Typhus  bacillus.     (.Schenk.) 

3  rf.— Cholera  bacillus.    (Schenk.) 
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34a.— Bacillus  Anthracis  (the  microbe  of  wool-sorter's  disease).     X500.    (Crookshank.) 

34&. —Bacillus  of  Tetanus.    (Crookshank.) 
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The  average  for  the  country  is  200  and  for  the  town  1,000.  This  refers 
to  Paris,  where  there  are  plenty  of  beautiful  parks  and  where  trees  line 
the  larger  streets.  Where  vegetation  is  nearly  obliterated,  as  in  the  city 
of  Leeds,  the  number  will  probably  fall  much  below  that  of  the  country. 
We  now  come  to  the  much  more  minute  inhabitants  of  the  dust — the 

microbes  or  bacteria.  Here  are  some  of  the  commoner  forms  as  seen 

under  a  i3owerful  microscope  (fig.  36). 
There  are  globular  and  elongated  forms,  twisted  filaments,  spherical 

dots,  and  short,  straight  rods.  Yeast  cells,  too,  are  often  met  with. 
They  rapidly  reproduce;  the  parent  cell  in  the  case  of  bacteria  divid- 

ing into  two  or  more  new  cells,  and  these  agaiu  undergoing  subdivision. 
It  may  interest  you  to  know  how  these  almost  invisible  germs  can 

be  counted.  Although  the  germ  itself  is  only  visible  under  high  mag- 
nification, if  the  germ  falls  upon  nutrient  material  it  will  soon  produce 

a  family  circle  readily  visible  as  a  spot  of  mold.  One  of  the  methods, 
which  has  been  introduced  by  a  German  bacteriologist  named  Hess,  is 
represented  in  the  following  diagram  (fig.  37). 

It  consists  of  a  glass  tube  coated  with  a  nutrient  jelly.  The  tube 
is  first  rendered  sterile  by  heat,  and  then  a  measured  volume  of  air  is 
slowly  aspirated  through  it  by  the  aid  of  two  bottles  containing  water, 
which  can  be  alternately  lowered  and  raised.  The  tube  is  then  placed 
under  the  best  conditions  for  the  growth  of  the  germs  and  excluded 
from  the  dust.  Where  a  germ  has  fallen  a  spot  of  mold  will  soon 
appear,  and  such  spots  mark  the  residence  of  the  original  single  germ. 

The  following  slide  (fig.  38)  represents  the  appearance  produced  in 

the  tube  in  three  experiments  made  in  a  schoolroom:  'No.  1  experiment 
was  made  before  the  school  assembled,  the  second  in  the  middle  of  the 
day,  and  the  last  when  the  school  closed. 

One  is  struck  by  the  great  variety  of  these  minute  beings,  and  the  dif- 
ficulty of  distinguisliing  them  is  increased  by  the  fact  that  they  appear 

to  vary  in  shape  with  the  nutrient  material  upon  which  they  grow.  If 
they  are  fed  on  beef  tea  they  may  take  a  different  shape  to  that  pro- 

duced by  a  diet  of  agar  jelly.  There  seems  very  little  doubt  that  the 
number  of  species  is  very  large,  and  very  little  is  known,  moreover,  of 
their  functions.  It  is  certain  that  at  least  a  few  produce  disease.  It 
is  equally  certain  that  a  large  number,  when  inoculated  into  animals, 
are  harmless.  That  these  harmless  ones  serve  a  useful  purpose  in  car- 

rying on  putrefactive  change,  acting  as  scavengers  for  the  world's 
refuse,  seems  not  unlikely;  but  the  subject  is  still  in  its  infancy,  and  one 
upon  which,  no  doubt,  fresh  light  will  fall  as  bacteriological  research 
progresses.  The  following  table  gives  the  proportion  of  dust  particles, 
spores,  etc.,  and  bacteria  in  a  cubic  foot  of  town  and  country  air:^ 

Average  total 
dust  particles. SnnrAo    '  Bactciia 

Spores,    .^  J  ̂^^.^ ^^^-      i     foot. 

Country   SO'i,  000,  000 
[ 

200     1              2 
1,000                20 

1 

Town   6,  000,  000,  000 

Miquel. 
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The  numbers  represent  averages  tlirougliout  the  year,  but  this 
includes  considerable  variations,  which  occur  at  different  seasons  of 

the  year. 
The  shaded  portion  in  the  diagram  (fig.  39 )  represents  the  number  of 

bacteria,  and  the  dotted  line  the  temperature  during  the  various  months 

of  the  years  1879-1S82. 
The  number  does  not  appear  to  vary  proi^ortionately  with  change 

of  temperature :  but  if  we  compare  the  rainfall  with  the  number  of 

microbes  we  see  at  once  a  rapid  diminution.  The  rain  evidently  car- 
ries them  down  to  the  earth.  But  they  are  far  from  being  destroyed. 

The  moisture  seems  to  assist  reproduction,  for  we  find  a  rapid  increase 

directly  after  rain.  If  drought  is  long  continued  the  number  falls  off' 
again.  They  die.  Here,  again  (fig.  JrO),  the  shaded  portion  represents 
the  number  of  bacteria,  and  the  line  the  rainfall  during  the  year 
1879-80. 

The  number  of  microbes  in  the  streets  of  Paris  is  on  the  average 
about  :2L  to  22  in  the  cubic  foot,  and  this  agrees  with  that  found  by 
Professor  Carnelley  in  the  streets  of  Dundee,  viz,  20  in  the  cubic  foot. 

Outside  of  Paris  the  number  falls  off'  to  2  whereas,  in  dirty,  one-roomed 
houses  Carnelley  found  3A'30  and  Miquel  in  a  neglected  hospital  ward 
3,170  in  the  cubic  foot.  The  effect  of  population  in  increasing  the 
number  of  microbes  may  be  represented  by  the  following  rough  map  of 
Paris  (fig.  11),  in  which  the  number  of  microbes  in  a  cubic  meter  of 
air  observed  at  Montsouris  is  marked  against  the  arrow  denoting  the 
direction  of  the  wind.  From  this  it  will  be  seen  that  the  largest  number 
occurs  when  the  wind  blows  across  the  town  and  the  smallest  number 

when  it  comes  direct  from  the  country — that  is.  from  the  south. 
The  number,  21  to  22,  for  the  streets  of  Paris  is  a  rough  average.  In 

dry.  dusty  weather,  following  rain,  the  number  may  rise  to  150.  Directly 
after  wind  and  rain  it  may  fall  to  an  average  of  6  per  cubic  foot. 

T\'e  can  not  be  suri3rised  that  the  washings  of  the  air  by  rain,  accu- 
mulating in  the  mud^  of  thoroughfares,  should  be  the  gathering  ground 

for  microbes.  The  mud  of  streets  is  more  than  this.  It  i^rovides 
food  for  their  growth.  It  is  the  great  source  of  bacterial  propagation. 
TThen  we  open  our  windows  to  let  in  fresh  air  on  a  dry,  windy  day,  we 
are  welcoming  these  small  visitors.  The  number  of  microbes  in  a  grain 
of  dust  from  the  streets  of  Paris  was  found  to  be  81,210,  nearly  double 
that  contained  in  similar  dust  obtained  on  the  outskirts  of  the  town. 

Can  we  be  astonished  at  finding  domestic  dust  nearly  as  pregnant 
with  living  matter  as  that  from  the  street,  which,  according  to  Miquel, 
is  61,000  in  the  grain?  It  might  appear  judicious  to  keep  our  windows 

closed  under  such  a  siege,  but  a  moment's  reflection  will,  I  think,  solve 
the  difiiculty.  We  do  not  know  to  what  degree  these  microbes  are 
mischievous.  We  do  know  to  what  extent  Iresh  air  is  necessary  to 

health.  Let  us  admit  air,  but  keep  our  dwellings,  as  far  as  possible, 
free  from  dust.     Microbes  settle  rapidly  in  still  air,  and  we  have  only 



35.— Atmospheric  microbes. 

a,  algae;   h,  cells  of  cryptogams;   c,  spores  of  cryptogams.      X500.     (Miquel. 
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36.— Atmospheric  microbes. 

«?),  vibrios;   c  f/,  bacteria; /r/ /),  micrococci;   /,  torulae.      X1000.     (Miquel.) 

The  Air  of  Towns. 





37.— Apparatus  for  counting  microbes  in  the  air. 

38.— Microbes  in  air  of  schoolroom. 
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-The  variation  of  the  number  of  bacteria  with  the  temperature.    1880-1882.    (Miquel.) 

40.— Tlie  variation  of  the  number  of  bacteria  with  the  rainfall.    1879-1880.    (Miquel.) 
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41.— Influence  of  the  direction  of  the  wind  on  the  number  of  microbes  collected 
at  Montsouris.    (Miquel. ) 
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to  rise  a  few  liundred  feet  above  tlie  gToiiiid  level  to  prove  it.  On  the 

same  day  Miquel  found  on  tlie  top  of  the  Pantheon  less  than  1  on 
the  average  in  the  cubic  foot;  at  Montsouris  1^,  and  in  Paris  streets 

about  12.  At  a  height  of  almost  1,000  feet  the  number  is  about  one- 
sixteenth  of  that  on  the  ground  level.  On  the  high  Alps,  as  Pasteur 
and  Tyndall  have  shown,  they  disappear  completely.  If  we  want  fresh 
air  we  know  where  to  go.  We  must  climb  the  hilltops.  An  idea  of 
the  great  army  of  microbes  which  are  constantly  on  the  march  out  of  a 
big  town  may  be  gathered  from  the  number  computed  for  Paris,  viz, 
40,000  million  daily,  a  number  wliich  may  be  graphically  expressed 

by  supposing  all  the  microbes  iu  11  gallons  of  soup,  in  full  putrefac- 
tion, to  arise  and  march  away. 

Ladies  and  gentlemen,  my  task  is  at  an  end.  There  is  much  that  I 
have  left  unsaid  in  the  course  of  these  lectures.  I  should  like  to  have 

alluded  to  the  possibility  of  reducing  domestic  smoke,  of  the  smoke  of 
our  warehouse  and  office  buildings,  of  the  better  utilization  of  coal,  and 
of  the  use  of  gas  for  household  i^urposes.  I  should  like  to  have  said 
much  more  on  the  important  subject  of  ventilation  of  our  dwelling 
rooms  and  offices.  These  matters  must  be  left  for  a  possible  future 
occasion.  I  should,  however,  be  content  with  the  result  of  these  four 
lectures  if  you  carried  away,  immovably  imiDressed  upon  your  minds, 

the  fact  that  pure  air  is  indispensable  to  health.  Do  not  let  us  resem- 
ble people  sitting  in  a  close  room  who,  by  gradually  becoming  accus- 

tomed to  their  surroundings,  grow  oblivious  to  the  polluted  atmosphere 
they  are  breathing  and  the  poison  which  they  are  slowly  absorbing. 

A  chairman  at  a  lecture  which  I  once  delivered  on  a  similar  topic  to 

this  said  at  the  close:  ''I  think  the  lecturer  makes  too  much  of  these 

invisible  things  in  the  air.  We  seem  to  keep  alive  in  spite  of  them.'^ 
But  we  don't  want  merely  to  keep  alive.  We  want  to  live  without  the 
burden  of  trying  to  keep  alive.  What  future  is  there  for  a  countrj' 
two-thirds  of  the  population  of  which  inhabit  towns,  and  of  whom  Mr. 
Acland  said  ̂ '  a  great  deal  of  this  work  of  the  towns,  which  necessi- 

tated strong  and  healthy  men,  was  done  by  those  who  had  been  brought 

up  in  country  homes  and  not  in  those  of  towns." 
As  I  have  already  said,  impure  air,  no  matter  whether  it  arises  from 

bad  gases,  soot,  or  disease  germs,  is  injurious  to  health.  If  we  are 
attacked  by  a  wild  beast  we  do  not  remain  passive.  We  prepare  to  kill 
it  or  to  run  away.  And  if  the  health  of  a  town  population  is  slowly 
undermined,  as  it  assuredly  is,  by  causes  which  we  can  compass  and 
prevent,  as  we  can  not  run  away  to  ])ure  air,  we  must  face  those  causes 
and  stamp  them  out.  There  is  much  that  the  local  authority  can  and 
ought  to  do,  and  which  we  should  collectively  see  is  done.  But  there 
is  much  that  we  as  individuals  can  do  ourselves.  It  is  a  duty  to  our- 

selves that  these  things  should  be  done.  It  is  equally  a  duty  to  the 
young  and  growing  generation. 
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APPENDIX    I  . 

A    RAPID    METHOD   FOR   THE   ESTIMATION  OF   CARBONIC  ACID  IN 
THE  AIR. 

J=^ 

QTDa 

Fig.  1. 

(1)  A  standard  solution  of  limeivater.— Fare  water  is  left  in  contact  with  slack  ad 
lime  until  saturated.  Tlie  clear  decanted  liquid  is  diluted  with  ninety-nine  tinies 
its  volume  of  distilled  water.     Make  1  quart  or  1  liter. 

(2)  Fhenolphthalein  solution  is  made  by  dissolving  one  part  of  phenolphthalein  in 

five  hundred  times  its  weight  of  dilute  alcohol  [equal  volumes  of  pure  alcohol  .'ind 
water].     Make  3  ounces  or  100  cubic  centimeters. 

(3)  A  20-ounce  stoppered  dottle  with  (preferably)  a  hollow  stopper 
marked  to  hold  3  drams  or  10  cubic  centimeters. 

A  sample  of  air  is  taken  by  blowing  air  into  the  clean  stoppered 

bottle  (fig.  1)  with  bellows.     Six  minims  or  one-third  of  a  cubic  cen- 
timeter of  the  phenolphthalein  solution  is  then  added,  and  the  meas- 

ured volume  of  lime  water  is  run  into  the  hollow  stopper. 

The  limewater  is  poured  into  the  bottle,  the  stopper  inserted,  the  time  noted,  and 
the  contents  vigorously  shaken.      If  the  red  color  of  the  liquid  disappears  in  three 
minutes  or  less  the  atmosphere  is  unfit  for  respiration. 

The  stock  of  limewater  should  be  kept  in  a  bottle  (fig.  2)  fur- 
nished with  a  tap  and  coated  within  with  a  film  of  paraf&io,  and 

in  the  neck  an  open  tube  should  be  inserted  containing  pieces  of 
caustic  soda  or  quicklime.  The  phenolphthalein  solution  is  best 
measured  by  means  of  a  narrow  glass  tube  passing  through  the 
cork  of  the  bottle  upon  which  the  measured  volume  is  marked. 
If  the  cork  fits  easily  the  liquid  may  be  forced  up  exactly  to  the 

mark  by  pushing  in  the  cork. 
The  following  are  estimations  made  in  this  manner  compared  with  the  results 

obtained  by  Pettenkofer's  method : 

Time. Per  cent  vol- 
ume of  car- bonic acid. 

Minutes. 1 

li 

0. 1618 

If 

.1379 

H .1279 

3i 

. 07716 

4i 

.  05142 
5 .0464 
n .0351 
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APPENDIX    II. 

I  have  registered  by  a  well-knowu  method  "  the  total  daylight  on  a  spot  on  Wood- 
house  Moor  (a  high  open  moor  lying  to  the  northwest  of  the  town)  nearly  every  day 
during  the  months  November,  1895,  to  February,  1896.  The  same  has  been  done  at 
the  Philosophical  Hall  (near  the  center  of  the  town)  and  at  Kirkstall  Road  t  (a  busy 

manufacturing  center).  In  the  latter  j)lace  the  smoke  absorbs  about  one-quarter  of 
the  total  daylight.  The  following  are  the  results  obtained.  To  economize  space  the 
results  for  each  week  are  added  together : 

Light  tests. 

A  comparison  of  tlie  total  daylight  in  different  parts  of  Leeds. 

Tear]  895-96. 
Woodhouse 

Moor. 
Philosophical 

Hall. 
Kirkstall 
Koad. 

July  1-7   

July  8  14 

Not  recorded. 

Not  recorded. 

Not  recorded. 

Not  recorded. 

22.94 

15.92 

10.20 

10.90 

18.30 

4.50 

2.60 

4.65 

7.88 
8.17 

13.  66 
6.56 

8.28 

3.82 

78.30 
88.30 

81.70 

65.30 

Not  recorded. 

Not  recorded. 

Not  recorded. 

Not  recorded. 

Not  recorded. 

a  4.  80 

1.99 

2.32 

5.60 
5.90 

9.02 

a  7.  20 
a  9.  05 

a  4. 40 

83.60 

60.60 

58.50 
20.61 
12.25 

6.10 
10.34 

7.17 

3.53 
1.53 

2.51 
5.51 

5.47 

8.04 

a  7.  58 

a  10.  .57 
3.26 

July  15  21      

July  22  28   
Nov.  10  16   

Nov.  17  23 

Nov.  24-30 

Dec.  1-7   

Dec.  8  14        

Dec.  15-21   

Dec.  29-Jan.  4   

Jan.  5-11   

Jan.  12-18    

Jan.  19  2  5 

Jan.  26-Feb.  1   

Feb.  2-8   

Pel).  9  15   

Feb.  16-22   

a  The  six  numbers  marked  with  an  asterisk  are  exceptions  to  the  general  rule.  For  some  unex- 
plained reason,  the  amount  of  light  registered  on  these  dates  is  greater  in  the  smokier  parts  of  the 

town  than  on  the  open  moor. 

*  The  method  used  was  to  estimate  the  amount  of  iodine  liberated  on  exposure 
from  a  mixture  of  potassium  oxide  and  sulphuric  acid.  The  numbers  represent 
cubic  centimeters  of  thiosulphate  solution  used. 

t  The  position  would  be  a  little  to  the  left  of  the  center  of  the  view  shown  in  the 
photograph  of  Leeds. 
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EQUIPMENT  AND  WORK  OF  AN  AERO-PHYSICAL 
OBSERVATORY. 

ALEXANDER   McADIE. 

[Memoir  submitted  by  Mr,  McAdie  in  the  Hodgkins  Fund  Prize  Competition  of 
the  Smithsonian  Institution  in  1894,  and  awarded  honorable  mention,  with  a 
bronze  medal.] 

Subject. 

A.  The  known  properties  of  atmospheric  air  considered  in  their  relationships  to 
research  in  every  department  of  natural  science,  and  the  importance  of  a  study  of 
the  atmosphere  considered  in  view  of  these  relationships. 

B.  The  proper  direction  of  future  research  in  connection  with  the  imperfections 
of  our  knowledge  of  atmospheric  air,  and  the  conditions  of  that  knowledge  with 
other  sciences. 

Two  years  ago  the  trustees  of  a  New  England  university  received  plans 
and  specifications  for  a  laboratory.  It  was  not  to  be  a  chemical  labora- 

tory nor  a  physical  one,  nor  yet  geological  nor  biological,  but  one  to  be 

devoted  to  investigation  and  research  in  aero-physics.  During  the  pres- 
ent year  one  of  the  universities  on  the  Pacific  slope  has  established,  or 

contemplates  doing  so,  a  chair  of  meteorology.  At  the  time  of  the  presen- 
tation of  the  plans  and  specifications  referred  to  above,  it  was  pointed 

out  that,  with  the  possible  exception  of  the  department  of  mathematics, 
every  department  of  science  then  represented  at  that  university  would 
be  directly  served  and  greatly  benefited  by  the  work  of  this  high-class 

aero-physical  laboratory.  The  chemist,  the  physiologist,  the  biologist, 
botanist,  and  physicist  must  have  authoritative  knowledge  of  the  condi- 

tions of  external  air  pressure,  temperature,  humidit}^  and  atmidometry 
(if  the  word  may  be  used)  at  the  time  of  their  experimentation  if  true 
results  are  to  be  obtained. 

And  back  of  research  and  investigation  always  there  looms  up  the  ap- 
plication of  knowledge  to  the  needs  and  wants  of  the  community.  In 

aero-physics  there  exists  without  doubt  a  demand  for  standard  records (3) 
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and  exact  determinations.  Even  as  these  lines  are  written  the  demand 

for  standard  rainfall,  temperature,  wind,  pressure,  sunshine,  and  cloudi- 
ness records  is  greater  than  the  skill  and  industry  of  the  meteorologist, 

as  he  is  now  equipped,  can  meet.  That  the  "  nature  and  properties  of 
atmospheric  air  in  connection  with  the  welfare  of  man  "  is  a  topic  crying 
aloud  for  recognition  let  the  vexed  questions  arising  in  our  daily  inter- 

course answer.  The  courts  call  constantly  for  information,  and  authen- 
ticated records  are  admitted  as  evidence.  Intelligent  inquiry  for  data 

not  available  confronts  the  meteorologist  daily.  The  engineer,  be  he 
civil,  mining,  electrical,  or  sanitary,  knocks  with  increasing  frequency 

at  the  door  of  the  aero-physicist.  The  physician's  inquiries  are  manifold. 
Averages,  extremes,  and  rates  of  change  affect  our  well-being ;  and  yet 
when  he  receives  all  the  data  now  available  he  receives  but  a  meager 
portion.  With  reference  to  the  origin  and  spread  of  disease  and  in  all 
questions  of  pathogenesis  and  metabolism,  we  are  but  poorly  off  in 
knowledge  of  the  relation  to  these  of  either  the  chemical  or  physical 
properties  of  atmospheric  air.  Rayleigh  and  Ramsay  have  just  shown 
in  their  work  on  nitrogen  how  little  we  know  of  that  very  gas  which  by 

volume  in  100  parts  of  our  atmosphere  would  be  79.19.  With  the  discov- 
ery of  argon  our  conception  of  the  part  played  by  nitrogen  in  organic  life 

must  undergo  change.  This  discovery,  in  the  words  of  a  great  chemist,  Sir 

Henry  Roscoe,  is  one  "  of  the  greatest  possible  interest  and  importance, 
and  of  special  significance  as  being  one  brought  about  by  the  applica- 

tion of  exact  quantitative  experiment  to  the  elucidation  of  the  problem 

of  the  chemical  constitution  of  our  planet." 
Pass  now  to  a  description  of  this  proposed  aero-physical  laboratory 

and  it  is  perhaps  but  proper  to  say  that  at  least  two  observatory-labora- 
tories somewhat  approximate  the  equipment  here  set  forth. 

Barometry. 

Standard  barometers — Wild-Fuess,  Fortin,  or  Kew. 
Multiplying  barographs — Richard,  Marvin,  or  Draper. 
Aneroid,  Redier  or  improved  Hicks. 

Statoscope  for  minute  fluctuations  of  pressure ; — of  especial  value 
during  thunder-storms  and  gusts. 

Sundell  normal  barometer. 

Telebarometers,  distant  from  each  other  not  less  than  1,000  feet  in  a 
horizontal  direction  and  500  feet  in  a  vertical  direction.  This  im- 

plies that  the  laboratory  must  be  situated  on  the  summit  of  a  hill 
or  mountain,  with  base  stations.  Buchan,  in  his  resume  of  the 

work  done  at  Ben  Nevis,  intimates  that  some  very  important  rela- 
tions are  thus  discoverable. 
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Thermometry  and  Hygrometry. 

Standard  types  of  thermometers — exposed,  wet-bulb,  maximum  and 
minimum,  water  and  soil. 

Thermographs  and  self-registering  psychrometers. 
Assmann  aspiration  psychrometer. 

Telethermographs  and  telehygrographs. 

Insolation. 

Actinometer  (Schwolsen). 

Langley's  bolometer,  with  appropriate  galvanometers  for  the  explor- 
ation and  mapping  of  the  solar  spectrum,  particularly  the  infra- 

red portion. 

Photographic  records  of  the  more  prominent  absorption  lines  due 

to  aqueous  vapor  in  the  atmosphere,  and  comparison,  after  proper 

scale  determination,  with  the  intensity  of  standard  solar  lines,  with 

the  ultimate  aim  of  ascertaining  this  distribution  of  vapor  in  the 

atmosphere  at  various  altitudes  and  variations  therefrom. 

Spectroheliograph.  A  good  12  or  14  inch  photographic  objective  for 
investigating  the  relations  of  solar  spots,  faculse  and  prominences. 

Nephoscopy  and  Pluviometry. 

Sunshine  recorders  of  various  types. 

Nephoscopes  and  Pole  star  recorders. 

Rain  gauges  and  evaporometers. 

Atmidometry. 

Barus's  device  for  showing  colors  of  cloudy  condensation. 
Aitken's  dust-counter  or  coniscope. 

The  determination  of  the  amount  of  haze  or  smoke  present  in  the 

atmosphere  is  now  quite  neglected  in  meteorology^  although 

a  matter  of  very  considerable  importance  to  health.  We 

should  have  daily  records  of  the  relative  purity  of  the  atmos- 

phere. 
Anemomp:try. 

Anemoscopes. 

Anemo-cinemograph — an  instrument  showing  the  varying  force  ex- 
erted by  the  wind,  superior  to  the  old  form  of  anemograph  ;  and 

yet  some  further  improvement  looking  to  a  fuller  recognition  of 

what  has  been  termed  "  the  internal  work  of  the  wind  "  is  desirable. 
Helicoid  anemometer. 

Clino-anemometer,  or  instrument  for  registering  currents  not  hori- 
zontal. 

Wind  pressure  gauge  and  suction  anemometer. 
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Thermodynamics  and  Chemistry. 

Apparatus  might  be  devised  which  would  give  graphically  the 

thermodynamic  conditions  of  the  atmosphere.  The  volume,  press- 
ure, temperature,  and  density  of  the  air  being  known,  we  ought 

to  be  able  to  follow  the  isotherms  and  adiabatics  through  the  vary- 

ing conditions  in  cj^clone  and  anti-cyclone  at  all  levels.  Thus 
Hertz  (Graphische  Methode  zur  Bestimmung  der  Adiabatischen 

Zustandanderungen  feuchter  Luft,  Meteor.  Zoits.,  1884)  has  given 

the  adiabatics  for  the  dry,  rain,  and  hail  stadia,  and  it  is  practi- 

cable to  follow  a  given  air  mass  through  the  varying  thermody- 
namic conditions. 

Electrometry. 

Proper  apparatus  for  measurements  in  atmospheric  electricity. 

Mascart-Kelvin  electrometers  for  the  determination  of  the  potential 

of  the  air.  The  type  of  voltmeter  known  as  the  multiple  quad- 

rant electrometer,  or  substantially  Lord  Kelvin's  air  ley  den, 
should  be  installed  with  an  automatic  register  for  continuous 
records  of  the  electrification  of  the  air. 

Elster  and  Geitel's  apparatus,  modified,  for  records  of  the  air  "  leak- 
age "  of  electrical  charge  under  the  influence  of  ultra-violet  light. 

Brontometer,  for  use  in  the  study  of  the  strains  and  stresses  in  air 

between  highly  electrified  clouds  or  cloud  and  earth.  The  name 

brontometer  is  used,  but  some  more  appropriate  type  of  instru- 
ment than  the  present  is  desired.  It  now  gives  the  time  of  each 

lightning  flash,  the  duration  of  thunder,  the  changes  in  direction 

and  force  of  the  w^ind,  in  temperature,  humidity,  and  barometric 

pressure  during  a  thunder-storm  ;  but  there  is  wanting,  the  photo- 
graphic auxiliaries  to  delineate  the  character  of  each  discharge. 

The  true  direction  in  space  and  the  dimensions  of  the  discharge 

are  determinable  by  such  means.  The  potential  fluctuations 

added  to  such  data  will  enable  us  to  study  the  strains  and  rup- 

tures in  the  atmosphere  after  the  thunder-storm  as  completely  as 
a  plate  of  fractured  armor  can  be  studied  after  a  test. 

Physiology  and  Biology. 

The  known  properties  of  atmospheric  air  are  clearly  of  great  impor- 

tance in  all  physiological  and  biological  research.  In  the  latter,  atmos- 

pheric environment  must  be  an  efl'active  factor  in  the  variation  of  species, 
and  in  the  former,  at  the  very  outset,  do  we  not  meet  an  intimate  relation 

between  the  irritability  of  nerve  and  muscle  with  atmospheric  conditions  ? 
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How  important  to  know  the  atmospheric  conditions  as  influencing  ex- 

hilaration and  fatigue.  The  so-called  "  sensible  "  temperature,  for  exam- 
ple, enables  one  to  live  in  the  temperatures  of  the  Southwest  in  summer 

and  renders  temperatures  lower  by  twenty  degrees  elsewhere  unbearable. 
In  such  a  laboratory,  then,  trained  intellects  studying  the  properties  of 

atmospheric  air,  would,  we  firmly  believe,  influence  research  in  every  de- 
partment of  applied  science.  In  agriculture  the  value  is  apparent ;  in 

■economics,  history,  hygiene,  botany,  geology,  and  biology,  questions  now 
unanswered  would  be  disposed  of.  In  that  much-dreamed-of  consumma- 

tion, the  conquest  of  the  air,  when  transportation  shall  be  by  air-ships  and 
communication  by  air-runners  or  disturbances  of  the  electrified  air,  the 
contributions  to  knowledge  from  such  a  laboratory  would  be  incessant  and 

without  price.  Aye,  in  directions  now  unthought  of,  the  aero-physicist 
would  push  onward  in  the  great  region  now  unexplored.  When  the 

Berlin  Academy,  in  1879,  offered  a  prize  for  the  experimental  determi- 
nation of  a  relation  between  electromagnetic  forces  and  the  dielectric 

polarization  of  insulators,  perhaps  no  one — certainly  neither  Helmholtz 
nor  his  assistant,  whose  attention  he  directed  to  the  matter — foresaw 
more  than  certain  experimental  determinations.  Hertz  took  his  prob- 

lem as  he  received  it.  We  have  his  own  words  that  he  started  out  to 

prove  that  changes  of  dielectric  polarization  in  non-conductors  produced 
the  same  electromagnetic  forces  as  do  currents  which  are  equivalent  to 
them,  and  that  electromagnetic  as  well  as  electrostatic  forces  are  able  to 

produce  dielectric  polarizations ;  and  yet,  further,  that  in  all  these  re- 

spects air  and  empty  space  behave  like  all  other  dielectrics.  "  I  saw  no 
way,"  he  says  (see ''  Electric  Waves  "),  "  of  testing  the  first  and  second  for 
air,  but  both  would  be  proved  simultaneously  if  one  could  succeed  in 

demonstrating  for  air  a  finite  rate  of  propagation  and  waves."  Let  us 
■exult  in  Hertz  as  the  first  aero-physicist  and  join  Lord  Kelvin  in  his 

triumphant  declaration,  when  referring  to  waves  of  electric'  force,  that 
*'the  processes  in  air  represent  on  a  million  fold  larger  scale  the  same 
processes  which  go  on  in  the  neighborhood  of  a  Fresnel  mirror  or  between 

the  glass  plates  used  for  exhibiting  Newton's  rings." 
The  direction  in  which  the  demand  for  immediate  application  of  our 

knowledge  of  aero-physics  is  greatest  is  in  connection  with  the  tides  and 
fluxes  of  the  aerial  ocean  in  which  we  live,  the  storms  and  currents  of 
the  atmosphere.  There  is  a  popular  impression  that  forecasting  weather 
conditions  is  in  a  high  degree  a  matter  of  scientific  procedure.  Much 

that  is  scientific  in  character  has  been  done,  it  is  true ;  but,  Avithout  dis- 
paraging such  work,  it  remains  none  the  less  true  (and  we  but  echo  the 

sentiments  of  those  professionally  engaged  in  forecasting)  that  the  present 

condition  of  our  knowledge  is  quite  unsatisfactory.     Newton's  boy  play- 
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ing  upon  the  seashore  and  picking  up  here  and  there  a  pebble  while  the 
broad  ocean  of  truth  lay  all  unexplored  before  him  may  be  not  unfairly 

compared  with  the  forecaster  of  to-day.  One  of  the  proper  directions  of 
future  research  in  connection  with  our  knowledge  of  atmospheric  air, 
then,  is  the  prevision  of  the  weather.  To  foregauge  the  changes  in  the 
atmosphere  is  not  the  least  promising  direction  for  future  research  in 
connection  with  the  imperfections  of  our  knowledge  of  atmospheric  air. 

We  speak  not  of  "  controlling  "  the  weather.  The  making  of  rain,  of 
warm  and  cold  waves,  the  maintenance  of  equable  temperatures  are,  de- 

spite the  present  apparent  extravagance  of  such  aspirations,  serious  and 
legitimate  fields  for  the  application  of  science;  but  the  nearer  problem ^ 
that  of  accurately  forecasting  weather  changes,  has  already  been  carried 
to  a  certain  degree  of  success,  and  we  may  well  therefore  confine  our 
study  to  methods  available  for  the  improvement  of  weather  prediction. 

This,  then,  is  the  problem  before  us,  viz.,  the  successful  scientific  fore- 
casting of  atmospheric  conditions.  In  no  other  direction  would  the  work 

of  the  aero-physical  laboratory,  to  which  reference  has  been  made,  be 
so  pronounced ;  and  carried  from  the  present  short  period  to  periods  of 
weeks  or  months,  what  branch  of  applied  science  will  be  found  to  exert 
so  great  an  influence  upon  the  welfare  of  man? 

We  shall  present  first  a  careful  analysis  of  methods  in  use — i.  e.,  a 
study  in  detail  of  the  synoptic  weather  map,  discussing  the  sources  of  its 
unquestioned  strength  and  its  elements  of  weakness,  and  then  consider 
methods  as  yet  untried,  but  which  have  scientific  indorsement  and  seem 
to  be  applicable  to  the  question  before  us. 

The  principle  underljdng  the  synoptic  weather  map  of  every  weather 
ser\T.ce  is  simultaneity  of  observation.  A  forecaster  has  before  him  a 

bird's-eye  view,  as  it  were,  of  the  conditions  existing  at  a  given  moment. 
After  an  experience  of  nearly  twenty-five  years,  when  the  question  is 

asked,  "  Has  the  synoptic  map  realized  the  expectations  of  meteorolo- 

gists and  justified  the  expense  of  its  existence? ''  the  answer  is,  "  Yes."' 
But  if  the  further  question  is  asked,  '"  Is  the  forecaster  of  to-day  as  far  in 
advance  of  the  forecaster  of  1870  as  might  reasonably  be  inferred  from 

the  lapse  of  time?  "  the  response  is  halting  and  uncertain.  The  experi- 
ence of  the  past  ten  years  would  seem  to  indicate  that  we  are  close  to 

exhausting  the  capabilities  of  the  weather  map  in  its  present  form.  The- 
introduction  of  modern  inventions  may  help  some,  for  we  recall  that  it- 
was  the  telegraph  which  made  the  map  possible,  and  the  telautograph, 
for  example,  may  enable  us  to  get  continuous  records  in  place  of  the 
fragmentary  ones  now  in  use ;  but  not  until  we  are  able  to  reach  out 
from  the  earth  surface  and  study  in  sita  air  stratification  and  record 

simultaneous  changes  at  all  levels  will  the  great  advance  in  forecasting- 
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be  accomplished.  The  exploration  of  the  upper  air  by  "  aerodromoi  " 
means  the  determination  of  abnormal  temperature  and  rainfall  relations 
at  various  heights. 

Claudy  Condensation. — Perhaps  even  more  than  temperature,  rain  is  the 
element  of  least  certainty  in  forecasting.  How,  then,  can  we  improve  the 
methods  in  use  for  foretelling  the  likelihood  and  determining  the  causes 

of  rain?  Of  the  phj^sical  processes  of  condensation  we  know  much  and 
at  the  same  time  little.  Studies  of  condensation  from  fusion,  vaporiza- 

tion, and  solution,  and  particularly  on  the  passage  from  vapor  to  liquid 
in  the  free  air  and  the  control  of  the  conditions  determining  such  passage^ 
should  be  undertaken.  With  our  present  rather  crude  outfits  some  work 
might  be  done  in  the  nature  of  preliminary  surveys  of  cloud  land.  At 
present  cloud  maps  are  of  such  indefiniteness  that  but  limited  use  is  made 
of  them  in  forecasting.  Granted  that  cloud  types  and  motions  have  little 
of  the  significance  that  some  enthusiastic  nephoscopists  claim  for  them, 

the  fact  nevertheless  remains  that  clouds  from  their  very  office  are  signifi- 
cant exponents  of  air-strata  conditions.  Hildebrandsson  long  ago  showed 

that  the  upper  currents  move  along  somewhat  parallel  to  the  lower  cur- 
rents up  to  a  certain  height,  and  then  change  their  motion,  and  we  are 

all  familiar  with  Clement  Ley's  law,  "  upper  clouds  have  a  distinct  cen- 
trifugal tendency  over  areas  of  low  pressure,  and  a  centripetal  over  those 

of  high."  If  we  knew  more  about  cloud  motion  and  stratification,  fore- 
casting would  be  more  certain. 

To  illustrate  in  a  rough  way  the  importance  of  cloud  motion,  let  us  take 
the  date  August  27,  1893,  a  time  when  telegraphic  reports  from  Florida 
and  the  southeastern  seaboard  were  interrupted.  It  is  evident  that  if  no 
reports  can  be  obtained  by  telegraph,  the  synoptic  map  as  at  present 
used  must  fail.  Such  was  the  case  during  the  memorable  storm  of  March 

11-13,  1888— the  so-called  '^  blizzard."  But  in  the  storm  of  1893  it  so 
happened  that  the  most  destructive  storm  of  the  year  was  heading  in 
towards  the  Florida  coast.  No  reports  were  to  be  had  from  Florida,  high 
wdnd  having  blown  down  the  poles.  What,  then,  was  the  forecaster  to 

do  ?  The  motions  of  the  upper  clouds  at  Lynchburg,  Chattanooga,  Knox- 

ville,  and  Norfolk  plainly  indicated  the  position  of  the  "  low."  If,  with 
such  crude  and  undeveloped  observations,  there  was  so  much  of  value 

in  cloud-work,  with  how  much  more  definiteness  could  this  storm  have 
been  located  had  the  motions  of  the  upper  clouds  at  various  points 
been  instrumental  determinations.  One  much-needed  advance  in  fore- 

cast work  is  the  use  of  nephoscopes,  and  it  is  passing  strange  that  our 
weather  services  have  not  long  ago  discarded  their  methods  of  eye  ob- 

servation. Color,  form,  and  relative  motion  appeal  so  strongly  to  tlie 
imagination  that  even  a  practiced  observer  will  misinteri)ret  the  cloud. 
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Observations  with  high-order  nephoscopes  would  be  valuable  in  throw- 
ing light  on  that  which  is  so  essential — a  knowledge  of  the  true  motion 

of  the  air.  The  convectional  theory  of  cyclonic  formation,  of  which 
Ferrel  was  the  great  advocate,  has  in  its  favor  all  that  we  at  present 
know  of  cloud  motion.  But  we  know  so  little.  The  so-called  descen- 

sional  theor}^  finds,  on  the  other  hand,  in  the  general  upper  circulation 
the  initiative  impulse  for  storm  formation.  From  this  point  of  view, 

cyclones  and  anti-cyclones  are  but  great  double  vortex  knots  in  the  gen- 
eral air  stream.  The  upper  current  works  down  through  the  anti-cyclone 

and  in  a  reversed  twist  out  through  the  cyclone ;  and  it  is  evident  that 
cloud  motion,  had  we  but  the  means  of  observing  it  properly,  would 
give  weighty  evidence?  Similarly  the  condensation  conditions  in  free 
air  must  be  studied.  We  may  get  an  inkling  of  the  size  of  the  water 
globules  by  the  colors  of  cloudy  condensation.  The  Newtonian  inter- 

ference colors  might  be  made  use  of  in  some  modified  form  of  Michel^ 

son's  "  interferential  refractometer  "  to  get  the  dimensions  of  the  condens- 
ing particles.  The  increase  and  decrease  of  size  might  be  determined 

and  variations  interpreted  as  favoring  or  not  favoring  condensations. 

Every  line  of  research  tending  to  give  knowledge  of  the  extent  and  in- 
tensity of  conditions  favoring  condensation  should  be  encouraged  by 

weather  services.  At  present  the  forecaster  lacks  information  worth}^  of 
acceptance  concerning  the  amount  of  vapor  overhead  at  different  levels  ; 

nor  has  he  any  clew  whatever  as  to  impending  motions  of  the  same,  as- 
censional or  descensional.  Perhaps  the  ̂ question  of  the  production  of 

artificial  rain  will  force  meteorologists  to  develop  our  knowledge  in  this 

direction.  Storm  motion  is  to  be  regarded  in  the  light  of  a  key  unlock- 

ing an  appropriately  unstable  condition  of  atmosphere.  "  Dry  "  storm 
areas  prove  beyond  doubt  that  something  beside  storm  mechanism  is 

necessarv  for  precipitation.  The  energN^  of  a  storm  and  its  rate  of  motion 
would  mean  vastly  more  to  the  forecaster  if  he  had  at  his  command  the 
seasonal  vapor  conditions  for  all  elevations.  Theoretically  the  claim  of 

the  rain-maker  has  this  much  truth  to  it,  that  in  some  districts,  at  certain 
times,  not  only  the  smoke  of  a  small  brush  fire,  but  the  unfolding  of  an 
umbrella,  might  suffice  to  initiate  an  air  motion  which  would  result  in 
more  or  less  precipitation.  Furthermore,  the  forecaster  must  always 
clearty  distinguish  between  conditions  favoring  storm  progression  and 
the  likelihood  of  storm  formation.  Some  of  the  factors  operative  in 
storm  formation  and  which  the  forecaster  should  be  cognizant  of  are : 

extent  of  in-draught  of  warm  moist  air  and  counter-draft  of  cold  dry 
air ;  relative  instability  of  the  air ;  topography  as  affecting  air  drainage, 

and  the  vapor  values  at  different  elevations.     It  is  ver}^  important  that 
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the  values  of  the  absorption  lines  due  to  aqueous  vapor  be  determined. 

Becker,  in  the  "  Trans.  Roy.  Soc.  Edin.,"  xxxvi,  has  mapped  928  lines 
of  this  character.  He  divides  the  aqueous  lines  into  three  groups  some- 

what as  follows : 

Wave-lengths,  6,020  to  5,666,  comprising  about  678  lines. 

5,530  "  5,386,  "  "      106      " 
5,111  "  4,981,  "  "      116     " 

But  this  list  can  undoubtedly  be  extended,  and  particularly  in  the 

infra-red  portion  of  the  spectrum,  where  we  naturally  would  expect  to 
find  the  most  marked  atmospheric  effects.  We  suggest,  then,  as  one  of 
the  most  fruitful  directions  for  research  the  exploration  of  the  solar 
spectrum  with  the  view  of  determining  the  vapor  present  at  different 
levels  under  varying  conditions  and  the  application  of  the  knowledge  so 
obtained  to  forecasting  weather  changes.  A  hint  from  Buchan,  in  his 

resume  of  the  work  done  at  Ben  Nevis,  a  high-level  meteorological  ob- 
servatory, should  not  be  overlooked.  Although  discussing  temperatures, 

his  remarks  will  apply  with  equal  force  to  vapor  values  :  "  The  departures 
from  the  normals,  especially  inversions  and  extraordinary  rapid  rates  of 
diminution  with  height,  are  intimately  connected  with  cyclones  .  .  . 

and  form  data  as  valuable  as  they  are  unique  in  forecasting  storms."  W^e 
would  urge,  too,  the  mathematical  discussion  of  each  storm,  particular! v 
with  respect  to  storm  energy  and  motion.  The  storm  of  August  26,  27, 
28,  1893,  sometimes  known  as  the  Sea  Islands  storm,  from  the  great 
damage  done  along  the  Carolina  coast  is  one  that  will  always  draw  the 
attention  of  the  meteorologist.  The  story  of  the  origin  of  this  storm,  its 

path,  the  terrors  of  the  accompanying  rise  of  the  waters,  whereb}^  nearly 
twelve  hundred  lives  were  lost,  has  been  graphically  given  in  the  popu- 

lar magazines  of  the  day.  We  propose  to  test  with  it  some  equations 
given  by  Maxwell  Hall  (Jamaica  Meteor.  Obs.,  vol.  i)  for  determining 
storm  approach  when  observations  are  available  for  one  side  of  the  storm 
only. 

Other  things  being  equal,  we  may  assume  that  the  storm  will  be  re- 

tarded b}" — 

1.  Opposing  conditions  such  as  obstructive  "high" — that  is,  a  slow- 
moving,  inert  anti-cyclone. 

2.  Decrease  of  storm  energy  or  weakening  in  the  formative  factors. 

3.'  When  the  slope  of  the  diurnal  and  seasonal  curves  of  pressure  (and 
the  reverse  for  temperature)  is  opposed  in  direction  to  the  gradient 
caused  by  the  storm. 

Conversely,  we  may  look  for  an  increase  of  storm  energy  with  persist- 
ence of  conditions  favoring  storm  development. 
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If  p  =  pressure  reduced  and  corrected  for  diurnal  variation, 

C=  twelve-hour  change, 

V  =  velocity  of  wind  in  miles  per  hour, 

r  =  distance  from  the  centre  of  cyclone, 
dp 'dt 

rate  of  fall  of  pressure  per  hour, 

d/T) 

—  ̂ =  gradient  or  fall  per  mile  toward  the  centre, 
d^ 

dt       rate  of  fall        dr 

dp         gradient dt rate  of  approach, 

as  a  first  approximation  for  the  time  of  arrival,  divide  the  distance  by 

the  rate  of  approach.  These  values  are  given  in  column  "A,"  in  the 
table  below. 

A  =  dr  or 

'df 

rdt 

dr 
f=l-^(dr~dt). 

It  must  be  pointed  out  that  in  a  calculation  of  this  kind  we  are  re- 
stricted to  the  use  of  such  data  as  are  available  for  the  forecaster  at  a 

particular  time.  We  think  that  the  following,  which  could  have  been 
obtained  at  the  times  indicated,  would  have  been  serviceable  in  forecast- 

ing this  storm,  and  particularly  the  values  which  are  underscored  as 
indicating  the  probable  path  and  duration  of  the  storm  : 

Approach  of  Storm  of  August  25,  26,  27,  28,  1893. 

Date. Station. 
t 
p C V r 

dp 

dt 

dv 

dr 

'a 

f 

Aug.  26,  1893, 
8  a.  m. 

Aug.  27,   1893, 
8  a.  m. 

Aug.   28,   1893, 
8  a.  m. 

JTitusville.    .. 
(  Jupiter   
f Savannah   
J  Charleston  .. .  . 
1  Jacksonville  . . 
iTitusville   

r  Lynch  burg...  . 
J  Raleigh   
1  Charlotte   
I  Augusta   

29.90 
29.80 

29.78 
29.84 
29.62 
29.34 

29.84 
29.64 
29.30 
28.96 

—.06 
-.10 
—.16 
-.12 —.24 —.38 

-.12 
—.26 
—.54 

22 
24 20 

24 
20 

40 

8 22 

24 26 

250 160 

200 

230 120 

-80 

230 220 

100 

-20 

.004 

.008 

.012 

.01 .02 

.036 

.01 

.03 

.014 

.06 

.001 

.014 

.002 

.002 .003 

.003 

.002 .002 

.003 

.01 

30 
24 
30 

50 

20 

—8 

70 25 
6 

-1 

.20 .15 .15 

.20 

.17 .30 

.25 

.12 .8 
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A  line  drawn  through  the  underscored  values  for  the  dates  in  question 
will  be  found  to  almost  coincide  with  the  path  of  the  storm.  Minus 
values  indicate  the  retrogression  of  the  disturbance. 

Suppose  further,  however,  that,  starting  with  the  fundamental  equa- 
tion pv  =  RT,  we  were  able  to  follow  an}^  given  air  wave  as  it  is  propa- 

gated in  a  manner  similar  to  that  in  which  an  ordinary  sound  wave  is 

followed.  Lord  Rayleigh  ("  On  the  Vibrations  of  an  Atmosphere,"  Phil. 
Mag.,  Feb.,  1890)  has  given  a  numerical  example  of  the  high  degree  of 
rarefaction  necessar}^  before  there  is  a  change  of  sign  for  a  period  of  one 

hour.     In  C.  G.  S.  measure,  n=  and  "a"  (the  velocity  of  sound) obUU 

=  33  X  10*,  g  =  981 ;  then  the  ratio  of  the  density  at  a  given  height  to 
the  density  at  the  ground  comes  out  1/290.  This,  of  course,  is  for  an  up- 

ward wave  ;  but  for  the  case  of  "  a  swaying  of  the  atmosphere  from  one 
side  of  the  earth  to  the  other  "  Rayleigh  deduces  a  period  of  23.8  hours. 
He  remarks,  however,  that  the  suitability  of  the  value  of  "a"  is  very 
doubtful,  and,  further,  that  the  suppositions  of  his  paper  are  inconsistent 

with  the  use  of  Laplace's  correction  to  Newton's  theory  of  sound  propa- 
gation. Moreover,  can  the  heat  and  cold  present  in  atmospheric  vibra- 

tions be  supposed  to  remain  constant?  But  the  near  approach  of  this 
period  to  24  hours  he  considers  to  be  of  more  than  passing  interest  and 

possibly  connected  with  the  diurnal  and  semi-diurnal  variations  of  the 
barometer. 

Now,  the  forecaster  has  to  deal  with  a  succession  of  atmospheric  waves, 
and  it  is  just  the  gain  or  loss  of  heat  accompanying  the  propagation  of 
the  slower  waves  that  he  attempts  to  forecast.  Therefore  we  think  it  to 
be  of  prime  importance  to  introduce  into  our  forecast  work  as  far  as 
possible  numerical  values  for  atmospheric  vibrations. 

Atmospheric  Electricity. 

We  have  thus  far  discussed  the  known  properties  of  atmospheric  air 
chiefly  in  connection  with  aqueous  vapor.  There  remains  another  equally 

important  line  of  research  intimatel}^  related  to  the  vapor  conditions 
and  likewise  of  great  importance  in  weather  prevision,  viz.,  atmospheric 
electricity. 

At  the  outset  we  advocate  the  introduction  of  that  unstable  and  seem- 
ingly lawless  element,  the  electrical  potential  of  the  atmosphere,  on  the 

synoptic  weather  chart.  To  the  graphic  representation  of  air  pressure, 
temperature,  and  in  a  crude  way,  air  motion,  let  us  add,  although  it  does 
seem  unpromising,  the  electrical  potential,  corrected  for  temperature, 

elevation,  quantity  of  vapor  present  (see  further  on  Exner's  experiments 
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and  the  ver}^  recent  paper  of  Kelvin  on  the  Subtraction  of  Vapor  from 
Air  and  the  Electrification).  The  potential  charted  for  any  given  moment 
upon  the  synoptic  map  will  give,  in  the  general  electrification  of  the 
lower  air  strata,  significant  equipotential  lines  and  areas.  The  time  is 
ripe  for  such  a  preliminary  survey,  or,  as  Sir  William  Thomson  once 

called  it,  ''  electro-geodesy  " — in  brief,  an  extended  synchronous  survey 
of  the  potential  of  the  lower  air. 
We  may  begin  our  plea  for  such  work  by  a  reference  to  the  work  of 

Professor  Franz  Exner,  of  Vienna.  With  praiseworthy  persistency  he 
has  determined  the  potential  values  in  all  localities  accessible  to  him, 

and  with  some  approximation  the  potential  gradients  at  various  eleva- 
tions. The  work  of  Elster  and  Geitel,  especially  their  later  work,  con- 

stituting what  may  be  termed  researches  in  electrical  actinometry,  is- 

a  natural  outcome  of  and  supplement  to  Exner's  work.  As  we  shall 
see,  Exner's  determinations  were  all  made  with  portable  electroscopes 
or  electrometers,  and  while  the,  instruments  used  by  him  differ  in  de- 

sign from  those  (in  our  opinion  preferable)  used  in  the  United  States^ 
Great  Britain,  and  France,  the  scope  and  method  of  work  have  been 
practically  similar.  The  differences  in  results  are  mainly  of  degree, 
Exner  having  carried  his  work  further.  The  aim  throughout  has  been 

the  exploration  of  the  electrostatic  field  of  the  earth.  In  the  experi- 

ments of  Elster  and  Geitel  at  Wolfe nbuttel  (see  "  Sitz.  Akad.  Wien.," 
June,  1892,  and  subsequently;  also  "  Nature,"  March,  1893),  the  direc- 

tion of  research  has  been  that  of  the  relation  of  the  potential  values  to 

the  intensit}^  of  ultra-violet  radiation.  This  we  see  at  a  glance  opens  up 
a  new  field  of  investigation  in  the  discovery  that  ultra-violet  light  ac- 

celerates the  dissipation  of  an  electrical  charge,  and  there  is  no  telling 

what  further  developments  may  come  in  both  electrometry  and  acti- 
nometry. 

S.  V.  Arrhenius  C"  Meteor.  Zeits.,"  vol.  v,  p.  297,  and  "Phil.  Mag.," 
July,  1889)  touches  upon  the  infiuence  of  solar  radiation  on  the  electrical 

phenomena  of  the  earth's  atmosphere,  and  shows  that  when  the  air  was 
irradiated  by  ultra-violet  light  it  conducted  like  an  electroh^te.  We  recall 
that  Hertz  found  in  his  experiments  that  the  receiver  required  continual 
readjustment,  either  because  of  the  shaking  or  the  slight  burning  of  the 

points,  and  that  ultra-violet  light  falling  on  the  "  vibrator  "  prevented 
its  proper  action,  the  sparking  in  the  "  resonator  "  ceasing  or  becoming 
feeble.  This  discharging  action  seemed  to  be  particularly  noticeable 
when  the  violet  light  fell  upon  negatively  electrified  points.  Elster  and 

Geitel  have  shown  (''  Sitz.  d.  K.  Akad,  der  Wissen.  Wien.,"  99  Band,  x 
heft,  s.  1011)  that  a  body  with  a  negative  charge  is  discharged  under  the- 
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influence  of  the  above-described  radiation  more  rapidly  than  a  body 
charged  positively.     For  example : 

Rate  of  loss  Rate  of  loss 
when  positively    when  negatively 

electrified.  electrified. 

Rusty  iron.    16  24 
Polished  iron    16  31 
Charcoal    11  25 
Mica    12  26 

The  above  results  show  clearly  a  more  rapid  loss  of  the  negative 
charge. 

Professor  Oliver  Lodge,  in  a  lecture  upon  the  work  of  Hertz,  delivered 

at  the  Royal  Institution  June  1,  1894,  used  the  following  language: 

"  While  Hertz  was  observing  sparks  such  as  these,  the  primary  or  ex- 
citing spark  and  the  secondary  or  excited  one,  he  observed  as  a  bye-issue 

that  the  secondary  spark  occurred  more  easily  if  the  light  from  the  pri- 
mary fell  on  its  knobs.  He  examined  this  new  influence  of  light  in 

many  ways,  and  showed  that  although  spark  light  and  electric  brush 

light  were  peculiarly  efl'ective,  any  source  of  light  that  gave  very. ultra- 
violet rays  produced  the  same  result.  Wiedemann  and  Ebert  and  a 

number  of  experimenters  have  repeated  and  extended  this  discovery, 

proving  that  it  is  the  cathode  knob  on  which  illumination  takes  efl'ect  ; 
and  Hallwachs  made  the  important  observation,  which  Righi,  Stoletow, 

Braly,  and  others  have  extended,  that  a  freshly  polished  zinc  or  other 

oxidizable  surface,  if  charged  negatively,  is  gradually  discharged  by 

ultra-violet  light." 
Lodge  hints  in  his  lecture  of  the  possible  great  value  of  these  relations 

in  atmospheric  electricity. 

Collecting  the  observations  of  the  potential  fall  in  the  case  of  nega- 

tively electrified  bodies  exposed  to  sunlight,  Elster  and  Geitel  have  tab- 
ulated the  values  of  the  mean  daily  potential,  the  temperature,  and  the 

vapor  pressure.  These  are  given  on  the  following  page.  Would  it  not 

be  a  very  happy  and  profitable  research  to  undertake  in  the  United 

States  a  similar  series  of  experiments  confirming  and  extending  the  re- 

sults now  at  hand  ?  Particularly  at  Pike's  Peak  and  at  Mount  Washing- 

ton could  such  determinations  be  efl'ectively  undertaken.  At  the  former 
station  the  range  of  vapor  pressure  is  so  large  that  the  curves  now  known 

could  be  extended.  A  physical  law  expressing  the  relation  of  the  poten- 
tial and  the  intensity  of  the  more  refrangible  ra37s  would  perhaps  be  the 

outcome. 
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We  can  get  at  the  relation  of  the  potential  values  and  the  quantity  of 
vapor  present  in  the  following  way : 

The  weight  of  aqueous  vapor  in  a  cubic  metre  of  saturated  air  is  the 

product  of  the  weight  of  a  cubic  metre  of  dry  air  at  0°  0,  pressure 
760  mm.  and  the  density  of  the  aqueous  vapor,  and  the  pressure  of 
aqueous  vapor  in  saturated  air,  all  divided  by  1  plus  the  temperature 
correction. 

^^        ̂     where  a  =  1.29278  kg,  d  =  0.6221,  and  a  =  0.003667 ^^       1  +  a  ̂   760 
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And  thus,  as  the  authors  point  out,  with  the  exception  of  the  vapor 
group  5.5  mm.,  the  potential  curve  runs  inversely  with  the  vapor  pressure, 
and  the  observed  values  and  the  estimated  values  agree  fairly  well  up  to 
a  certj9.in  point.  When  the  number  of  grammes  of  moisture  in  a  cubic 

metre  of  air  at  the  earth's  surface  exceeds  8,  however,  the  agreement  no 
longer  holds.     (See  diagram,  page  18.) 

The  aim  of  all  this,  as  we  shall  see  in  discussing  Exner's  observations, 
is  the  determination  of  a  relation  between  the  potential  gradient  and  the 

humidity  and  the  construction  of  apparatus  in  the  nature  of  an  electro- 
hygroscope.  One  advantage  this  new  method  might  possess  over  spectro- 

scopic methods  is  at  times  of  cloud  formation.  Cloudy  condensation  we 

know  limits  rain-band  investigation,  but  the  electro-hygroscope  would 
in  all  probability  be  serviceable  with  visible  as  well  as  invisible  vapor. 
Indeed,  it  is  not  certain  but  that  the  potential  values  would  be  more 
strongly  marked  at  such  times. 

We  must  give  now  as  briefly  as  possible  the  results  of  the  observations 
of  Elster  and  Geitel  on  the  Hoher  Sonnblick,  some  10,168  feet  above  sea 

level,  and  at  its  low-level  station,  Kolm-Saigurn.  As  we  said  above,  such 

observations,  repeated  at  Pike's  Peak  and  other  high-level  stations  in  the 
United  States,  would  certainly  widen  the  horizon  in  aero-physical  work. 

Harvard  College  Observatory  has  published  in  its  "Annals"  the  meteoro- 
logical observations  made  at  Pike's  Peak  for  a  given  number  of  years. 

If  one  will  turn  to  pages  459,  460,  and  on,  he  will  find  such  observations 
as  the  following  : 

"...  faint  auroral  streamers  and  beneath  them  the  usual  sheet 

lightning  flashed  incessantly.     ...     " 
"...  at  night  the  summit  capped  by  a  cloud  so  small  that  the 

observer  at  the  base  could  hardly  see  it,  and  was  frequently  lit  up  by 

flashes  of  lightning.     ..." 
"...     heavy  snow,  with  thunder  and  lightning.     ..." 
"...  electricity  increased  and  decreased  with  the  fall  of  hail — 

a  fact  noticed  in  all  hail-storms  at  the  station.     ..." 
In  few  ways,  therefore,  do  we  think  that  investigation  under  the  con- 

ditions of  the  Hodgkins  bequest  could  be  more  efl'ectively  undertaken 
than  in  investigation  of  the  electrical  condition  of  the  atmosphere  at 

some  such  station  as  Pike's  Peak. 
The  Sonnblick  observers  found — 

1.  "  The  intensity  of  the  most  refrangible  rays  of  the  solar  spectrum,  as 
measured  by  the  discharging  action  on  negatively  electrified  surfaces  of 
amalgamated  zinc,  increases  with  the  height  above  ground  in  such  a 

manner  that  at  a  height  of  3,100  metres  it  is  twice  as  great  as  on  ordi- 

nary level  ground." 
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2.  ''  Notwithstanding  this  increase  in  the  power  of  discharge  of  light, 
we  [Elster  and  Geitel]  did  not  succeed  in  establishing  with  certainty 
any  new  actinometrically  active  surface.  Even  perfectly  freshly  fallen 

snow  as  well  as  dry  rock  were  not  appreciably  discharged  by  light." 
3.  "  Waterfalls  can  produce  negative  falls  of  potential  in  a  valley  and 

even  to  considerable  heights  (1,600  feet),  and  it  may  be  assumed  that. 

this  remarkable  phenomenon  is  not  produced  by  friction,  but  by  the  in- 
fluence of  the  normal  positive  fall  of  potential  on  the  finer  pulverulent 

water  which  detaches  itself  from  the  large  masses  of  water ;  and  it  may 

perhaps  be  assumed  that  in  a  rain-cloud  the  process  of  self-induction 
increases  to  high  values  the  originally  feeble  negative  charges  of  a  layer 

of  air  dust  at  the  foot  of  a  fall." 

4.  "  In  July,  1890,  on  three  days,  which  were  almost  cloudless  until 
1  p.  m.,  the  normal  positive  fall  of  potential  on  the  top  of  the  Sonnblick 
was  apparently  constant.  The  morning  maximum,  which  in  the  Plain 
and  Alpine  valleys  occurs  with  great  regularity  between  7  a.  m.  and  9 

p.  m.,  was  not  observed  at  a  height  of  10,168  feet." 
5.  "  Before  the  outburst  of  the  storms  which  we  observed  on  the  16th, 

18th,  and  20th  of  July,  the  positive  fall  of  potential  within  the  cloud, 
which  sent  only  a  small  quantity  of  rain,  went  slowly  down  to  the  value 

zero  and  remained  there  for  a  long  time." 
6.  "  In  storm  clouds  the  atmospheric  electricity  usually  changes  its 

sign  after  a  discharge  of  lightning,  as  with  storms  on  the  plain." 
7.  "  Saint  Elmo's  fire  was  found  to  be  a  constant  accompaniment  of 

storms.  It  was  not  found  that  negative  Saint  Elmo's  fire  was  more  in- 
frequent than  positive." 

8.  "  The  observation  that  negative  Saint  Elmo's  fire  follows  bluish 
lightning  and  positive  follows  reddish  lightning  was  frequently  confirmed 
by  us.  The  direction,  then,  of  the  electrical  current  which  traverses  the 
atmosphere  in  the  form  of  lightning  aj^pears  to  have  an  influence  on  the 

color  of  the  lightning." 
All  of  the  above  results  may  be  found  in  the  "  Phil.  Mag.,"  May,  1891, 

and  "  Wien.  Berichte,"  November,  1890.  We  shall  now  proceed  to  com- 
ment upon  them. 

It  is  of  some  interest  to  know  whether  our  mountain  peaks,  taking  as 
they  must  a  negative  electrification  from  the  earth,  are  discharged  more 
rapidly  when  illuminated  by  the  more  refrangible  rays.  Since  the  above 
experiments  were  made  the  entire  question  of  the  capacity  of  the  air 
and  the  disposition  of  a  charge  has  been  brought  forward  for  discussion 

by  Kelvin's  paper  on  the  subtraction  of  vapor  from  air  and  the  conse- 
quent change  in  electrification.  J.  J.  Thomson  has  shown  in  his  recent 

paper  on  the  "  Electricity  of  Drops  "  that  a  small  amount  of  impure 
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matter  in  water  is  enough  to  produce  a  marked  change  in  the  electrifica- 
tion, and  that  therefore  no  study  of  atmospheric  electricity  will  be  com- 
plete which  does  not  take  into  account  the  degree  of  purity.  Kelvin 

from  laboratory  experiments  (see  paper  read  before  British  Association 

at  Oxford ;  also  "  Nature,"  July  19, 1894)  concludes  that  the  air  does  not 
retain  a  negative  electrification  so  long  as  it  retains  a  positive.  Kelvin 

says,  "  the  equilibrium  of  electrified  air  within  a  space  enclosed  by  a  fixed 
bounding  surface  of  conducting  material  presents  an  interesting  illustra- 

tion of  elementary  hydrostatic  principles.  The  condition  to  be  fulfilled 

is  simply  that  surfaces  of  equal  electric  '  volume  density '  are  surfaces  of 
equal  potential,  if  we  assume  that  the  material  density  of  the  air  at 
given  temperature  and  pressure  is  not  altered  by  electrification.  This 
assumption  we  temporarily  make  for  want  of  knowledge ;  but  it  is  quite 

possible  that  experiment  will  prove  that  it  is  not  accurately  true."  "  On 
the  supposition  of  electric  density  uniform  throughout  the  spherical  en- 

closure, each  cubic  centimetre  of  air  experiences  an  electrostatic  force 

toward  the  boundary  in  simple  proportion  to  the  distance  from  the  cen- 
tre and  amounting  at  the  boundary  to  nearly  10  per  cent,  of  the  force  of 

gravity  upon  it ;  ..."  "  Under  natural  conditions  with  great  den- 
sity there  must  be  an  important  ponderomotive  force  quite  comparable  in 

magnitude  with  that  due  to  difference  of  temperature."  .  .  .  "Nega- 
tively electrified  air  over  negatively  electrified  ground  with  non-electrified 

air  above  it  in  an  absolute  calm  would  be  in  unstable  equilibrium." 
Lord  Kelvin  gives  an  estimate  of  the  density  and  force  in  a  given 

enclosure. 

Let  F  equal  the  potential  indicated  by  the  water-dropper ;  a  equals 
the  radius  of  the  spherical  hollow  (in  which  the  air  was) ;  p  equals  elec- 

trical density  of  air  at  distance  r  from  center ;  then  from — 

— X'(f-T)* 
if  p  is  constant, 

V=  %  r.pa^ 

P  =  3V/2  T.ce. 

Suppose  F  equals  38  volts  or  0.127  electrostatic  units  C.  G.  S.;  a  equals 

50  cm.  and  />  =  2.4XlO~^  the  electrostatic  force  at  a  distance  7^  being 

Hence  a  small  body  electrified  with  a  quantity  of  electricity  equal  to 

that  possessed  by  a  cubic  centimetre  of  air  and  placed  midway  (r  =  25) 
between  the  surface  and  centre  of  the  inclosure  experiences  a  force  equal 
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to  2.4X10~^X25  or  6  X  10~^,  or  approximately  6.10~^  grammes,  which  is 
4.8  per  cent,  of  the  force  of  gravit}^  on  a  cubic  centimetre  of  air  of  density 

1/800.  "  During  a  thunder  storm,"  says  Kelvin,  "  the  electrification  of  air, 
or  of  air  and  the  watery  spherules  constituting  cloud,  need  not  be  enor- 

mously stronger  than  that  found  in  our  experiments."  (In  the  experiments 
referred  to  below  higher  values  were  obtained.)  "  This  we  see  by  con- 

sidering that  if  a  uniformly  electrified  globe  of  a  metre  diameter  produces 
a  difference  of  potential  of  38  volts  between  its  surface  and  centre,  a  globe 
of  a  kilometre  diameter,  electrified  to  the  same  electric  density,  reckoned 
according  to  the  total  electricity  in  any  small  volume  (electricity  of  air 

and  of  spherules  of  water  if  there  are  any  in  it),  would  produce  a  differ- 
ence of  potential  of  38,000,000  volts  between  its  surface  and  centre.  In 

a  thunder-storm,  flashes  of  lightning  show  us  differences  of  potentials  of 
millions  of  volts,  but  not  perhaps  of  many  times  38,000,000  volts,  between 

places  in  the  atmosphere  distant  from  one  another  by  half  a  kilometre." 
One  may  go  farther  and  say  that  in  this  electrification  of  air  may  lie 

the  possibility  of  principles  valuable  in  aerial  navigation,  for  as  in  the 

ordinary  Thomson  electrometer  the  aluminum  needle  between  the  quad- 
rants moves  always  from  the  region  of  high  (positive)  to  the  region  of 

low  (negative)  potential,  so  if  the  potentials  are  sufficiently  high  a  charged 
body  free  to  move  in  the  air  will  move  from  the  place  of  high  to  the  place 

/OO^OO  t/^LTS 

•c 

/OOOOO  \/OLTS 
> 

1  ./       /        /        /         / 

of  low  potential.  Thus  in  the  accompanying  diagram  if  A  represents  a 
highly  charged  (and  by  this  we  mean  voltages  in  the  hundred  thousands) 
insulated  conductor,  B  a  mobile  conductor  charged  equally  high  and 
same  sign  as  A^  then  C  an  oppositely  charged  mass,  B  will  move  from 
^  to  C. 
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J.  J.  Thomson  (see  "  Xature,"  July  26,  1894)  holds  that  a  molecule  of 
gas  cannot  be  electrified,  but  that  the  atoms  may  be.  The  question  as 

it  presents  itself  to  his  mind  is.  ""  Is  the  electricity  in  the  charged  gas 

carried  by  molecules  or  atoms?  "'  "A  square  centimetre  of  surface  im- 
mersed in  air  at  standard  temperature  and  pressure  is  struck  b}'  about 

10"  molecules  per  second,  yet  such  a  surface  will  retain  for  hours  with- 
out sensible  loss  a  charge  of  electricity  which,  as  we  know  from  the 

electrolytic  properties  of  liquids  and  gases,  could  be  carried  by  a  few 
thousand  million  of  particles  if  these  were  to  receive  such  a  charge  as 

the  atoms  of  the  air  are  able  to  carry." 
We  see,  then,  how  much  remains  to  be  determined  and  how  valuable 

in  connection  with  the  jiroposed  electrometric  survey  the  aero-physical 
laborator}^  would  be. 

Returning  now  to  the  results'of  Elster  and  Geitel,  under  their  fourth 
deduction  it  is  said  that  the  morning  maximum  in  the  potential  curve 
was  not  observed  at  a  height  of  10,168  feet.  This,  we  think,  is  a  most 

interesting  result,  and  the  result  should  be  confirmed  or  disproved  with- 
out delay.  If  need  be,  observations  of  the  potential  at  great  heights  could 

be  made  by  the  aid  of  kites.  With  regard  to  the  fifth  result,  the  positive 
fall  of  potential  within  a  cloud  which  gave  but  a  small  quantity  of  rain, 
we  can  only  say  that  the  whole  subject  of  the  relation  of  potential  to 
rainfall  calls  for  investigation.  Much  has  been  surmised  and  but  little 
done.  Our  experimental  evidence  is  scanty,  being  limited  to  a  stray 

observation  here  and  there.  One  interesting  observation  made  on  Au- 
gust 9,  1892.  may  be  referred  to.  A  kite  connected  by  wire  with  a 

quadrant  electrometer  was  raised  and  kept  at  some  elevation  above  the 
summit  of  Blue  hill,  Massachusetts.  At  7.40  p.  m.  a  thunderstorm, 
which  for  some  twenty  minutes  had  been  approaching  from  the  west, 
was  near  enough  to  cause  an  incessant  stream  of  sparks  from  the  kite 

string.  When  the  string  was  connected  over  a  Mascaii;  insulator  to 
the  electrometer — i.  e.,  the  needle,  one  set  of  quadrants  being  charged 

highlv  positive  and  the  other  highly  negative — a  sizzling  discharge  oc- 
curred. Stinging  shocks  could  be  felt  on  touching  the  kite  wire,  and  if 

a  ground  wire  near  by  was  held  within  a  fraction  of  an  inch  a  discharge 

of  sparks  ensued.  Rain  began  about  8.10  p.  m.  and  ended  in  a  few  min- 
utes, the  amount  being  about  one-hundredth  of  an  inch  ;  lightning  was 

frequent  and  vivid  to  the  north  and  northeast,  and,  as  we  learned  the 
next  day,  did  much  damage  to  barns  in  that  localit.y.  Although  the 
electrical  phenomena  were  to  be  seen  thus  plainly  from  ten  to  fifteen 

miles  aw^a}",  we  were  not  able  after  the  rain  to  obtain  sparks  from  the 
kite  wire.     This  seems  therefore  to  confirm  the  Sonnblick  observation. 

With  regard  to  Saint  Elmo's  fire,  it  is  of  interest  to  quote  in  conjunction 
with  the  Sonnblick  experiments  the  Ben  Xevis  observations.     Buchan 
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states  that  from  1883  to  1888  fifteen  cases  of  Saint  Elmo's  fire  had  been 
observed.  All  occurred  during  the  night-time,  indicating  that  there  is 
no  electrometer  at  the  observatory  and  no  means  of  determination  other 
than,  visibility,  from  September  to  February.  On  one  occasion  it  was 
heard  during  the  daytime.  All  cases  were  noticed  during  the  prevalence 

of  well-marked  lows,  generally  about  six  hours  after  the  center  had  passed. 
Observations  of  the  Potential. — The  first  source  of  error  in  determining 

the  true  potential  of  a  point  in  air  is  to  be  found  in  the  bending  of  the 
equipotential  lines  by  the  walls  of  buildings,  the  sides  of  mountains,  hills, 

etc.  In  a  rectangular  court  fifteen  metres  wide,  with  walls  twenty-five 

metres  high  and  forty  metres  long,  it  was  found  by  Exner ;  (see  "  Reper- 
torium  der  Physik,"  xxii,  heft  7)  using  a  collector  suspended  by  a  silken 
cord  and  connected  with  a  quadrant  electrometer  in  such  a  way  as  to 
be  readily  moved  up  or  down  and  from  one  side  to  another,  that  the 
value  of  the  potential  varied.  The  contour  of  the  potential  surfaces 
was  approximately  that  shown  in  the  accompanying  diagram.  With 
the  collector  two  metres  from  the  wall,  at  heights  of  5,  10,  15,  and  20 

N^\\\'^\\V 

metres,  the  potentials  w^ere  2,  7,  17,  and  48  volts  respectively.  With  the 
collector  in  the  centre  of  the  court,  at  tlie  same  heights,  the  values  of  the 
potential  were  5,  11,  32,  and  68  volts.  The  determination  is  open  to 
criticism,  however,  in  this  :  that,  the  potential  being  at  times  exceedingly 
variable,  no  method  in  which  but  one  collector  is  emploj^ed  can  give 
conclusive  results.  The  experiment  should  be  tried  with  two  similar 
collectors.  The  experiments  made  in  Washington  a  few  years  ago  by 
the  Signal  Service  (see  Mendenhall,  Memoirs  of  the  National  Academy) 
iire  therefore  preferable,  inasmuch  as  two  electrometers  calibrated  to 



24      EQUIPMENT  AND  WORK  OF  AN  AERO-PHYSICAL  OBSERVATORY. 

give  like  deflections  for  like  voltages  were  emplo3^ed.  The  collectors 
were  frequently  interchanged  and  other  checks  applied.  The  following 
mean  values  were  obtained  : 

Height.  Potential  at  beginning. 
6.1  m.  20  volts. 
7.7  38 
9.1  48 
12.0  60 
16.8  121 

After  five  minutes. 

30  volts. 

51 

72 141 

Notice  that  a  time  element  comes  into  the  discussion,  for  it  appears 

that  the  collector  requires  some  little  time  to  come  to  the  j^otential  of 

the  air.  Again,  it  appeared  that  by  varying  the  rate  of  flow  the  values 

would  be  somewhat  altered,  and  it  would  therefore  be  necessary  in  any 

extended  survey  to  use  not  only  similar  instruments  but  similar  times. 

Pellat  (see  "  Comptes  Rendus,"  March,  1885,  p.  375)  found  while  study- 
ing the  means  emplo3^ed  to  get  the  potential  of  the  air  that  with  a  flow 

of  eight  litres  in  twelve  hours  about  six  minutes  were  required  for  the 

electrometer  to  attain  the  proper  value,  while  with  a  flow  of  twelve  litres 

only  five  minutes  were  needed.  Water-drojDpers  are  the  collectors  most 

generally  used,  but  there  are  other  forms,  and  in  some  waj^s  preferable. 
The  paper  match  (blotting  paper  soaked  in  nitrate  of  lead)  is  slower  than 

the  water-dropper  and  gives  somewhat  lower  values. 
Assuming  that  a  proper  collector  can  be  designed  and  the  error  due  to 

bending  corrected,  we  have  as  the  first  problem  the  determination  of  the 

potential  gradient  at  any  height.  Exner  (see  "  Ursache  und  Gesetze  der 

Atmos.  Elec")  experimented  with  balloons  carrying  insulated  water- 
droppers.  Three  sets  of  observations  were  made  at  400,  550,  and  660 

metres,  with  the  hope  of  getting  an  approximate  value  for  500  metres. 

A  constant  value  of  193  volts  was  obtained,  but  the  constancy  is  perhaps 
due  to  the  fact  that  the  balloon  traversed  the  distance  in  a  few  minutes. 

From  measurements  made  with  small  balloons  he  obtained  for  the  poten- 
tial in  free  air — 

Metres. Volts. 

17   100 
110 
120-140  i 
130 
160 

160 

18  . 
20   
21   
22   
25   

25. 
27. 

30. 

34. 40. 

Metres. Volts. 

160 
170 

195-210 250 
280 

d'v 

and  from  these  -r-  =  6.8  volts  per  metre. 
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These  values  were  obtained,  however,  with  a  burning  match-collector, 
and  we  propose  to  apply  a  correction  to  them  for  that  reason.  Sir  Wil- 

liam Thomson,  in  a  paper  read  before  the  meeting  of  the  British  Associa- 
tion in  1889,  gives  observations  made  by  McLean  and  Goto  for  that  year, 

showing  "  that  an  enclosed  mass  of  air  is  electrified  negatively  by  the 
burning  of  a  paraffin  lamp,  of  coal  gas,  of  sulphur,  magnesium,  and  sev- 

eral other  substances,  while,  on  the  other  hand,  the  burning  of  charcoal 

electrified  a  room  positively."  In  some  experiments  made  by  us  in 
1890  it  was  found  that  the  flame  in  the  dark  room  where  the  electrom- 

eter was  installed  electrified  the  air  of  the  room  and  materially  affected 
the  readings.  The  electrification  amounted  to  as  much  as  19  or  20  volts 
negative,  while  an  average  value  for  the  air  outside  (the  nozzle  of  the 
collector  was  about  a  metre  from  the  wall  and  12  metres  from  the  ground) 
was  50  volts  positive.  Ventilating  the  room  thoroughly,  we  found,  caused 
a  disappearance  of  this  negative  electrification.  We  would  reduce  the 
value  6.8  volts  found  by  Exner  to  something  like  34  volts,  following 

Pellat's  relative  weights  of  1,5,  and  10  for  match,  water,  and  flame. 
Another  set  of  observations  made  upon  an  exposed  mountain  side 

gave  Exner  the  following  values  : 

Metres. Volts. Metres. Volts. 

3   110 

140-150 
210 

230-250 
280-405 
480 

18   520-550 
5   19   

20   
25   

550 
6   660 
7   820 

12   30   
970 14   

which  would  make  the  linear  potential  gradient  of  much  higher  value' 
Valuable  observations  were  made  by  the  United  States  Signal  Service 

, under  the  supervision  of  Dr.  Mendenhall.  A  resume  of  the  observations 
can  be  found  in  Third  Memoir,  vol.  v,  National  Academy  of  Sciences. 

The  influence  of  varying  temperature  and  humidity  were  in  part  elim- 
nated  by  a  long  series  of  observations.  The  instruments  used  were  modi- 

fied Mascart  electrometers  and  large  similar  water-droppers.  The  methods 
and  adjunct  apparatus  were  alike  at  all  stations. 

For  the  particular  question  which  we  are  discussing — the  potential 
gradient — Ave  are  obliged  to  refer  to  a  table  not  found  in  the  published 
report,  although  it  was  one  of  the  most  important.  This  table  gives  the 
most  extensive  and  comparable  values  yet  obtained  for  determining  the 
potential  gradient  in  the  lower  layers  of  the  air.  The  values  are  some- 

what smaller  than  might  be  anticipated,  but  this  may  be  explained  by 
the  proximity  of  buildings. 
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Number  of 
observations. 

Mean  value  of  potential. 
Bate. 

High. Low. 138  metres. 

June  26      ;   
July  17   
July  20   
Sept.  21   

399 60 
107 40 

94 82 97 
87 4(6) 

98 
15 

65 13 
26 

54 

289 

1,129 389 

212 
586 
300 
435 
140 

.  1,137 943 —849  (c) 

458 
487 

413 

1,825 

134 

93 

70 

107 

192 
108 

112 

24(a) 

265 248 
-254  (c) 

36 

4(d) 

141 

89 

155 

1,036 319 105 
Oct.      4   
Oct.      5   394 192 Oct.      7   

323 Oct.    14   

116  (a) 

872 695 

Nov.    1..   
Nov.    3   
Nov.  12.........   
Nov.  12   

—604  (c) 

422 Dec.    15   
Jan.    29   

483  (d) 

272 Feb.     9   
1  736 

(a)  Denotes  values  at  lowei-  station  below  zero. 
(6)  Observations  not  simultaneous;  differing  few  minutes. 
(c)  During  rain  ;  negative  values  at  both  stations. 

We  have,  therefore,  a  mean  value  for  the  potential  of  the  air,  at  an 

elevation  of  500  feet,  of  637  volts.  If  we  omit  negative  values  and  con- 
sider only  positive  we  obtain  543  volts,  or,  roughly,  4  volts  per  metre 

elevation.  We  have  no  right,  however,  to  omit  the  negative  values,  and 
the  true  value  for  free  air  would  be  doubtless  higher  than  the  figure  here 
given.  For  the  lower  station  we  find  the  mean  value  of  the  potential 

to  be  about  one-fifth  of  that  at  the  upper,  while  the  elevation  is  about 
one-eleventh. 

Thunder-storms. — As  might  be  anticipated,  there  are  some  remarkable 
variations  in  the  potential  during  thunder-storms.  We  are  able  to  record 
the  time  of  lightning  by  well-marked  variation  in  the  potential.  The 
accompanying  diagrams  show  the  potential  variations  during  a  thunder- 

^lectricocl  Potentia-l  of  theJLir  Fhoto^rccphioally  recristered.  at  ttvo  /St actions . 
A-  194  m. above  Secc-level   an-(£  S  -  y^rn.oc^we  jSe(:^-7eTrel. 

storm  at  both  an  upper  and  a  lower  station.  For  purposes  of  compari- 
son, some  characteristic  fair-weather  curves  are  given.  Thunder-storms 

cannot  be  studied  to  the  best  advantage  until  the  electrometer  comes  into 
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general  use.  Disruptive  discharges  occur  when  the  stress  in  the  atmos- 
phere between  the  cloud  and  ground  exceeds  a  certain  value,  determined, 

of  course,  by  conditions  of  pressure,  humidity,  and  dustiness.  As  the 
heavily  charged  cloud  approaches  the  locality  where  the  electrometer  is 
placed,  the  needle  indicates  a  steadily  increasing  strain.  When  this 
tension  exceeds  the  dielectric  strength  of  the  air  the  lightning  occurs. 
The  dielectric  strength  of  the  air,  according  to  Sir  William  Thomson, 
under  ordinary  conditions  of  temperature  and  pressure,  is  about  9,600 
grains  weight  per  square  foot,  or  about  1.37  pounds.  This  is  equivalent 

to  656  dynes  per  square  centimetre.  The  pull,  then,  which  the  air  ordi- 
narily can  withstand  is  not  over  .67  of  a  gramme  per  square  centimetre. 

In  the  daytime  many  flashes  of  lightning  may  pass  unnoticed,  and 

even  in  the  night-time  some  may  be  unobserved ;  but,  aside  from  these, 
there  exists  a  myriad  of  minor  discharges  which  are  all  unknown  to  the 
eye.  Hence  the  electrometer  method,  which  enables  us  to  take  cogni- 

zance of  minor  discharges,  constitutes  a  decided  advance.  Another  w^ay 
of  accomplishing  the  same  end  would  be  the  employment  of  properly 
tuned  Hertzian  resonators.  It  is  quite  possible  to  time  lightning  flashes 

without  seeing  them,  and  this  we  accomplished  a  few  years  ago  in  the  tow^er 
of  the  Smithsonian  Institution.  An  observer,  with  watch  in  hand,  was 
asked  to  time  all  flashes  which  he  saw.  Meanwhile,  in  a  darkened  room, 
we  studied  the  movements  of  the  needle.  The  times  of  lightning  were 
found  to  correspond  with  certain  disturbances  in  the  potential.  The 
agreement  is  very  close,  except  that  there  will  always  be  found  to  be 
more  disturbances  than  recorded  flashes,  indicating,  perhaps,  that  there 
are  discharges  which  the  eye  does  not  see. 

Thunder-storms  are  not  the  only  atmospheric  disturbance  in  which 
the  electrification  of  the  air  varies  in  a  noteworthy  manner.  We  have 
found  most  remarkable  perturbations  of  the  potential  occurring  during 
snowstorms.  We  give  the  following  record  at  great  length  because  we 
think  it  is  the  most  accurate  record  as  yet  available.  It  shows  that  a 

snoiostorm  is  closely  akin  to  a  thunder-storm. 

A  tmospheric  JSleciri.  city 

JleatZiyhtiny 

We  have,  too,  the  potential  variations  during  heat  lightning,  and  still 

more,  the  relations  to  auroral  displays,  all  awaiting  systematic  investi- 
gation. Is  it  too  much  to  say  that  in  no  other  way  can  research  be  so 

profitably  pursued  as  in  connection  with  the  electrification  of  the  air  ? 



Potential  Fluctuations  Daring  Snowstorm,  March  5  and  6,  1890. 

Time. 
Potential  in  volts. 

Positive.        Xeo:ative. 

Time. 
Potential  in  volts. 

Positive.    Negative. 

5:30  p. 
40 

6:00 
05 
10 

9:00  a. 
30 
40 
42 
43 
44 
45 
47 
48 
49 
50 
51 
52 
53 
54 
55 
57 
58 
59 

10:00  a. 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
13:30 
14 
16:30 
17 
18 

18:15 
19 
19:30 
20 

21 
22:30 
23 
24 

25 
26 
27 
27:30 
28 
29 
30 

31 
31:30 
32 
33 
34 

m  .  . .     70 

70 
....:       70 

.  .  . !     45 

.... 

...1     37 
m 

25 

312 250 

75 
125 
250 
125 

200 
150 
250 
100 
250 
275 
325 
350 
212-275 
250 
150 
275 
200 
225 
275 

312 
287 
200 
250 
210 

m 

162 
170 
100 

25 105 

300 
187-250 45 

75 8 
188 

125 
115 
50 90 

95 
50 
50 

160 
175 

250 
100 

80 20 
20 

100 
150 

15 

10:35  a.  r 
36 37 
38 

39 40 
50 

51 
52 53 

54 
55 

56 57 

57:30 45 
58 

59 
11:00  a.  I 

01 
02 03 
04 
05 
10 

10: 
11 
20 

21 22 23 

24 25 26 

to 

33 
34 35 

36 37 
38 

39 
40 

41 42 
43 

44 45 
50 

12:05a.m..  . 
15 

25 
30 
45    .... 
55 

2:30  p.m.... 
35 
40 

/O 110 

250 

500 

60 
65 250 

85 
157 
157 

275 200 

300 150 

... 

500 250 
162 

182 
10 

75 Over  575  off 
continued 100 

115 

— 
200 175 

50 

scale  and 

so  until — 

Off  scale  neg. 
Off  scale  neg. 

300 450 475 

275 
275 

Off  scale  neg. 

225 
150 

15 65 

56 60 

80 
65 
80 

190 137 

170 207 

185 
237 
195 

140 

175 157 
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We  have  referred  above  to  the  possibility  of  studying  electrical  dis- 
charges in  the  atmosphere  from  an  entirely  new  standpoint.  The  method 

would  consist  in  the  use  of  a  resonator  or  resonators,  with  proper  vibra- 
tion periods,  capable  of  responding  to  the  ether  oscillations.  The  rapidity 

of  vibration  in  any  electrical  systein  being  directly  proportional  to  the 
linear  dimensions,  we  may  assume  for  a  flash  of  lightning  one  thousand 
meters  long  the  existence  of  vibrations  at  a  rate  of,  say,  three  hundred 
thousand  per  second. 

Dr.  Lodge  (see  "  Phil.  Mag.,"  August,  1888),  has  worked  out  at  some 
length  the  values  for  an  ordinary  flash  of  lightning. 

Now  V,  the  velocity  of  propagation,  is  equal  to  ̂   /—r7\  ̂ ^^  ̂ ^^®  wave- 

length  A  =  VT=  2  7:^  —  •  -7^  where  —  is  the  electromagnetic  measure 

of  induction  and  ̂   is  the  electrostatic  measure  of  capacity. 

.       27rF  [LS  1 

We  may  expect  the  longest  sparks  when  the  periods  of  the  cloud- 
earth  system  and  the  proposed  resonator  are  the  same.  The  length  of 

each  conductor,  then,  should  be  half  a  wave-length  or  some  multiple  of 
half  a  wave-length. 

Such  resonators  may  occur  naturally,  and  perhaps  herein  is  an  explana- 
tion of  sympathetic  distant  Hashes  which  are  sometimes  seen,  the  second 

flash  being  the  response  of  a  natural  resonator. 

Conclusion. 

An  aero-physical  laboratory  would  afford  opportunity  for  important 
research  and  investigation.  A  most  promising  field,  we  have  attempted 
to  show,  lies  in  the  increase  of  knowledge  of  conditions  controlling  the 
weather.  We  urge  investigations  in  all  lines  bearing  upon  forecasting  or 
foretelling  weather.  As  examples  of  proper  and  profitable  lines  of  study 

in  this  direction,  let  us  mention  :  v.  Helmholtz  on  "  Studies  of  viscosity 
effects  in  the  general  circulation  of  the  atmosphere;"  "Studies  of  the 
mutual  influence  of  whirls."  Practical  application  of  knowledge  of- this 
character  being  the  great  desideratum  of  modern  meteorolog,y.  For 
example,  Helmholtz  gives  as  a  practical  deduction  in  one  of  his  papers 
the  statement  that  extremely  violent  winds  are  prevented  in  the  general 
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circulation  by  whirl  action — i.  e.,  by  the  mixing  which  a  whirl  with  its 
relatively  large  surface  can  accomplish.  Again,  his  study  of  wave-action 
at  the  common  boundary  of  two  fluids  or  of  a  fluid  and  a  gas  has  a  prac- 

tical application  in  the  measurement  of  air  billows.  We  may  som.e  day 
correlate  the  wave  frequency  and  character  with  the  force  and  direction 

of  the  wind.  Oberbeck's  papers  on  the  "  Motions  of  the  atmosphere,'^ 
Hertz's  "  Graphic  method  of  showing  the  adiabatic  changes  in  moist  air,'^ 
and  V.  Bezold's  "  Thermodynamics  of  the  atmosphere  "  are  all  excellent 
illustrations  of  valuable  research  work  along  the  lines  we  advocate.  The 

two  last  named  are  of  particular  value  to  the  forecaster,  and  v.  Bezold's 
work  gives  an  insight  into  the  physical  processes  brought  into  action  as 

a  given  mixture  of  air  and  vapor  passes  through  various  levels  and  envi- 
ronments. He  treats  of  just  such  conditions  as  the  forecaster  is  likely  to 

meet.  We  want  to  be  able  to  forecast  with  certainty  the  formation  and 
dissolution  of  fog  and  cloud,  and  we  must  therefore  know  the  air  mixture^ 
the  quantity  of  heat,  the  cycles  of  cooling  by  contact  and  radiation,  and 
the  adiabatic  expansions  and  compressions  for  various  levels.  When 
such  data  are  accessible,  the  forecasting  of  weather  will  move  from  its 
present  resting  place  of  empiricism.  We  have  further  tried  to  point  out 
the  value  of  determinations  of  the  total  moisture  in  any  given  stratum  of 
atmosphere.  Although  the  problem  is  far  from  being  an  easy  one  and 
far  more  involved  than  appears  at  first  glance,  we  believe  that  it  is  within 
our  power  from  systematic  study  of  the  absorption  lines  due  to  water 

vapor  to  ascertain  the  vapor  distribution.  The  infra-red  portion  of  the 
spectrum,  being  rich  in  these  lines,  should  be  explored  with  this  end  in 
view. 

In  another  direction,  that  of  atmospheric  electricity,  we  urge  experi- 
mentation, for  we  believe  that  therein  may  lie  possibilities  of  great  exten- 

sion of  our  knowledge  of  atmospheric  phenomena.  We  know  almost 
nothing  of  the  electrification  of  the  atmosphere ;  how  the  air  acquires  its 
charge  we  do  not  know,  and  of  the  distribution  of  the  potential  and  the 

significance  of  its  variations  we  have  only  fragmentary  and  scant  knowl- 
edge. In  1752  an  experiment,  simple  enough  in  its  details,  demonstrated 

the  nature  of  the  lightning  flash.  In  1895  the  aurora,  the  origin  of  the 

electricity  of  thunder-clouds,  and  similar  questions  are  as  the  nature  of 
the  lightning  was  one  hundred  and  forty-three  years  ago.  In  what  direc- 

tion have  we  a  more  promising  field  for  the  increase  and  diffusion  of 

"  knowledge  of  the  nature  and  properties  of  atmospheric  air  in  connection 
with  the  welfare  of  man  ?  " 
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AN  INVESTIGATION  ON  THE  INFLUENCE  UPON  THE  VITAL 

EESISTANCE  OF  ANIMALS  TO  THE  MICRO-OEGANISMS 
OF  DISEASE  BROUGHT  ABOUT  BY  PROLONGED 

SOJOURN  IN  AN  IMPURE  ATMOSPHERE. 

By  D.  H.  BERGEY,  M.  D. 

This  is  a  report  of  an  investigation  outlined  by,  and  conducted  under 
the  supervision  of  Drs.  John  S.  Billings  and  S.  Weir  Mitchell,  in  which 
an  attempt  has  been  made  to  determine  whether  impure  atmosphere 
produces  detrimental  influence  upon  the  animal  organism  as  shown  in 
greater  susceptibility  to  certain  diseases. 

Outline  of  the  Investigation  Peoposed  by  Dk.  Billings. 

"  The  impurities  to  be  tested  are  carbonic  acid  in  the  proportions  of 
0.5  to  2.0  per  cent,  by  volume;  ammonia  and  carbonate  of  ammonia  in 
the  proportion  of  0.1  to  1.0  per  cent.;  the  products  of  respiration  of 

a  series  of  animals  arranged  as  in  the  Brown-Sequard  experiments;  and 
the  gases  from  offensive  putrefying  material. 

Afterward  it   may  be   desirable  to   test   the   effects  of   sulphuretted 
hydrogen,   and   of  the  vapors   of  certain   volatile   organic    compounds 
having  offensive  odors  (skatol,  indol,  mercaptan). 

.  The  micro-organisms  to  be  tested  are  those  of  anthrax,  streptococcus, 
diphtheria,  tuberculosis,  and  of  croupous  pneumonia. 

The  animals  to  be  used  are  mice,  rabbits,  guinea-pigs,  and  later 
monkeys. 

It  is  desirable  that  in  each  set  of  experiments  the  effects  of  high  tem- 

peratures (80°-95°  F.)  be  compared  with  those  of  lower  temperatures 
(50°-60°  F.). 

The  animals  to  breathe  these  mixtures  are  to  be  placed  in  glass  jars, 

or  bell-jars,  and  the  inhalation  of  each  mixture  should  continue  for  at 
least  one  week  before  inoculations  are  made,  and  should  continue  for 

a  week  after  the  inoculations." 
The  expenses  of  this  investigation  were  defrayed  out  of  a  grant 

obtained  from  the  Hodgkins  Fund  in  the  hands  of  the  Smithsonian 
Institution. 
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Unexpected  difficulties  were  encountered  all  along  in  conducting  the 
investigation.  The  problem  of  maintaining  an  atmosphere  of  fairly 
constant  composition,  with  the  relative  proportions  of  the  impurities 
ranging  within  the  prescribed  limits,  was  a  difficult  one  to  solve,  and 
in  fact  could  not  be  attained  with  the  apparatus  employed.  It  was 
deemed  advisable  to  expose  the  animals  to  the  impure  atmosphere  for 
at  least  a  month  before  inoculating  them,  consequently  it  was  found 
impossible  to  maintain  the  atmosphere  at  the  desired  point  of  impurity 
during  the  entire  experiment.  At  times  the  impurities  fell  below  the 
prescribed  limit,  and,  in  turn,  the  air  supply  fell,  especially  during 
the  night,  to  a  point  below  that  at  which  it  would  support  life,  and 
some  or  all  of  the  animals  were  smothered,  and  the  experiment  had  to 
be  started  over  again. 

In  consequence  of  these  difficulties  only  six  experiments  have  been 
brought  to  a  conclusion.  A  number  of  others  were  commenced,  but 
failed  through  the  loss  of  several  or  all  of  the  animals;  these  accidents 
occurring  frequently  after  the  animals  had  been  under  experiment  for 
several  weeks  and  were  nearly  ready  for  the  inoculations.  Much  time 
was  lost  in  this  manner. 

Because  of  the  difficulties  encountered,  and  the  indefinite  character  of 

the  results  obtained,  only  two  forms  of  atmospheric  impurities  were 

tested — ^that  of  the  respiratory  impurities  with  animals  in  bell- jars 
arranged  in  series  as  in  the  Brown-Sequard  experiments,  and  the  effects 
of  ordinary  atm^ospheric  air  containing  0.5  to  2.0  per  cent,  by  volume 
of  pure  carbonic  acid  gas.  Each  form  of  experiment  was  repeated 

successfully  three  times,  using  different  micro-organisms  for  the  inocula- 
tions with  each  of  the  three  sets  of  experiments. 

A.    Inoculations  with  staphylococcus  pyogenes  aureus. 

Experiment  I. 

Respiratory  impurities. — Six  rabbits  were  placed  under  bell-jars  of 
37  litres  capacity,  arranged  in  series  as  in  the  Brown-Sequard  experi- 

ment. A  current  of  air  was  maintained  through  the  series  of  bell-jars 
by  means  of  a  water  pump.  The  experiment  was  commenced  May  19, 
1896,  and  terminated  June  29,  1896.  The  animals  were  inoculated  on 

June  23  with  1  cc.  of  a  24-hour  old  bouillon  culture  of  staphylococcus 
pyogenes  aureus.     The  details  of  the  experiment  are  shown  in  Table  I. 
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Table  I. 

Date,  1896. 

May  19.  .. 

"    22... 

"  23. 
"  26. 

Fune  1  . 
"  4  . 
"  8  . 
"  13. 
"  16. 
"  23. 

24. 
29. 
29. 

Hour. 
No.  1, 
3200  g. 

No.  3, 
3085  g. 

No.  3, 

1890  g. 

No.  4, 

1350  g. No.  5. 1830  g. 

No.  6, 

3010  g. C.ft. 
air 

perh. 

^of 

CO,. 

10.00  a.  m. 

4.45  p.  m. 
+ 1805  g. + + 

5.0 

5.00     " 
4.00     " 
8.30  a.  m. 

2. 30  p.  m. 
9.15  a.  m. 

2.00  p.  m. 
3.00  p.  m. 

10.45  a.  m. 

5.25 

3.78 9.5 9.7 

9.7 

9.36 
9.83 

3.65 

3.75 
3.55 
2.60 
3.-33 

2.42 

8.45  a.  m. 

11.30     " 
5.15  p.  m. 

1850  g. 1802  g. 

+ 

1410  g. 

9.41 2.16 

Remarks. 

No.  1  is  nearest  the 

pump. No.  4,  5  and  6 

smothered.  Con- 
tinued with  four 

animals. 

New  pump. 

Animals  inoculat- ed with  staphy. 

pyog.  aur. 
No.  3  is  dead. 

Experiment  stop- 
ped. Nos.  1,  2, 

and  4  living. 

Present  weight. 

The  staphylococcus  pyogenes  aureus  was  recovered  from  the  site  of 
inociilation,  peritoneal  fluid,  pleural  cavity,  and  spleen  of  No.  3. 

Experiments  with  Carbonic  Acid  Gas. 

The  CO2  experiments  were  conducted  in  the  following  manner:  The 

animals  were  all  placed  under  a  bell-jar  of  37  litres  capacity,  through 
which  a  current  of  air  was  maintained  by  means  of  a  blower  operated 
by  the  force  of  the  laboratory  water  supply.  The  pure  carbonic  acid 
gas  was  derived  from  a  large  cylinder  of  compressed  gas,  and  entered 

the  air  supply  of  the  bell-jar  through  a  Y-tube  connection.  The  rate 
of  flow  of  the  carbonic  acid  gas  was  regulated  by  means  of  the  stop- 

cock on  the  supply  tank.  By  this  means  a  fairly  constant  supply  could 
be  obtained  if  carefully  watched  and  regulated. 

Experiment  II. 

Carbonic  acid  gas. — Four  guinea-pigs  were  placed  under  a  37  litre 
bell-jar.  The  experiment  was  commenced  May  19,  1896,  and  terminated 
June  29,  1896.     The  details  of  the  experiment  are  shown  in  Table  II. 
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Table  II. 

Date,  1896. 

May  19. 
"    19. 

"   20. 

Jun 

23. 
26. 

1  . 
'  4. 
'  8. 
'  13. 
'  19. 

^    23; 
'  m. 
<  24. 
'  24. 

'    29. 

Hour. 

1.00 
4.00 p.  m. 

p.  m. 
9.15  a.  m. 

9.30 
4.00 
8.30 
2.30 

9.15 
2.00 
9.00 

10.45 

8.45 
7.30 

11.30 

p.  m. a.  m. 

p.  m. a.  m. 

p.  m. a.  m. 

p.  m. a.  m. 

No  1, No.  2. 
315  g. 

No.  3, 

335  g. 

No.  4, 

330  g. 
COa- 

2.21 

8.13 

0.66 

0.66 
0.66 

1.80 
0.20 

+ 
1.98 

275  g. 272  g. 265  g. 

+ 
+ 

3.44 

Remarks. 

Air  analysis — on   air  as  it  enters  the 
bell-jar. 

Air  analysis — on  air  as  it  enters  the 
bell-jar. 

Air  of  bell-jar. 

No.  3  dead. 
Present  weight. 

Inoculated  with  staphy.  pyog.  aur. 
No.  4  dead. 
No.  2  dead. 

Exp.  terminated. 
No.  1  seems  all  right,  weight  247  g. 

June  23, 1896. 
Control  rabbit No. 

1, 

(( 
i( 

ca 

2, 

« « (( 

3, 

i( « a 

4, 

Staphylococcus  pyogenes  aureus  recovered  from  the  site  of  inoculation, 
blood,  liver,  spleen  and  the  peritoneal  fluid  of  ISTos.  2  and  4. 

Control  animals  inoculated  with  staphylococcus  pyogenes  aureus  at 
the  time  of  inoculating  the  animals  of  experiments  I  and  II. 

weight  1820  g. 
1410  g. 
1460  g. 
1385  g. 

Each  of  these  animals  was  inoculated  with  2  cc.  of  a  24-hour  old 

bouillon  culture  of  staphylococcus  pyogenes  aureus. 
June  23,  1896. 

Control  guinea-pig  No.  1,  weight  300  g. 420  g. 

340  g. 
310  g. 

Each  of  these  animals  was  inoculated  mth  2  cc.  of  a  24-hour  old 

bouillon  cultui^e  of  staphylococcus  pyogenes  aureus. 
6/24/96.     Exp.  I.     Eabbit  No.  3  died. 

6/25/96.     Control  "         "     1     " 
6/25/96.  "  "         "     4     " 
7/7/96.  "     guinea-pig  "     1     " 

a 
cc 

a 

3, 

(C cc cc 

(( 

3, 

a 

cc 
cc (( A a 
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All  the  other  animals  under  experiment  and  those  used  as  controls  are 
alive  6/29/96. 

B.  Inoculations  with  bacillus  diphtheriae. 

Experiment  III. 

Brotvn-Sequard  experiment. — Five  guinea-pigs  were  placed  in  bell-jars 
of  14  litres  capacity  arranged  in  series.  Experiment  commenced  Novem- 

ber 7,  1896,  and  terminated  December  19,  1896,  when  each  of  the 

animals  was  inoculated  with  1  mg.  of  a  34-hour  old  blood  serum  culture 
of  bacillus  diphtheriae  (attenuated).  For  the  details  of  the  experiment 
see  Table  III. 

Table  III. 

)ate,  1896. Hour. 
No.  1, 
640  g. 

No.  3, 
480  g. 

No.  3, 

620  g. 
No.  4. 
590  g. 

No.  5. 
650  g. C.ft. 

air p'rh 

^ofCOs. Remarks. 

ov.  7  ,  .  ,  , 5.00  p.  m. 1st  bell 

jar. 

No.  1  is  nearest  the 

pump. 
"      8.... 11.30  a.  m. 11.0 

"   27.... 5.00  p.  m. + + 4.06 

"   29 ... . 12.00     " 
570  g. 595  g. 

Nos.  3  and  4  dead.  Re- 
placed by  fresh  pigs. 

3C.    1   3.00     " + 4.74 

'     9   9.00  a.  m. 730  g. No.  1  dead.  Replaced 
by  fresh  pig. 

'    19   4.15  p.  m. 
L78 

Experiment  stopped. 
'    19   4.15     " Inoculated  with  B. 

diphtheriae. 635  g. 430  g. 535  g. 530  g. 
525  g. 

Present  weight. 

No.  1  was  found  dead  after  48  hours. 
2 (( iC a i( 39 a 

3 a iC « (( 
40 

cc 

4 a 
it 

a u 39 (( 

5 (C a a a 
47 « 

Experiment  IV. 

Carbonic  acid  gas. — Four  guinea-pigs  were  placed  under  a  37  litre 
bell-jar,  November  17,  1896,  and  the  experiment  terminated  December 
19,  1896,  when  they  were  each  inoculated  with  1  mg.  of  a  24-hour  old 
blood  serum  culture  of  bacillus  diphtheriae.  The  details  of  the  experi- 

ment are  shown  in  Table  IV. 
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Table  IV. 

Date,  1896. 

Nov 17  ... 
u 27  ... 

Dec. 1   
a 19   
ii 19   

19. 

Hour. 
No.  1, 

No.  2, No.  3, No.  4, 

%oi 
515  g. 500  g. 535  g. 470  g. co^. 

10.30  a.  m. 

9.00     " 
2.49 

3.00  p.  m. 0. 519 

4.00     " 
0.67 

4.30     " 

435  g. 400  g. 430  g. 370  g. 

Remarks. 

Air  entering  bell- jar. 

Experiment  stopped. 
Inoculated  with  B.  diphtheriae. 
Present  weight. 

ISTo.  1  was  found  dead  after  39  hours. 
(( 2 a 

iC 

u i( 39 

a 3 u a u « 39 

«        A        i(  Z(  ii  a        nn  a 

Control  animals  inoculated  with  bacillus  diphtheriae. 

12/14/96.     Control  guinea-pig   No.    1,     Inoculated   with   3   mg.    of 
bacillus  diphtheriae;  died  in  4  days. 

12/17/96.     Control   guinea-pig  No.    2.     Inoculated  with 
bacillus  diphtheriae;  died  in  2  days. 

The  animals  of  experiment  III  died  as  follows: 
No.  1  was  found  dead  after  48  hours. 

mg. 

of 

2 a a a a 39 
3 a « a i( 40 
4 <( i( a (I 39 

((       K       a  a  a  a       Aiy        a 

The  animals  of  experiment  IV  died  as  follows: 
No.  1  was  found  dead  at  39  hours. 

39 
39 

i(      ̂       i(  a  a        c(     gg        a 

The  post  mortem  lesions  in  all  these  animals  were  typical,  and  the 
bacillus  diphtheriae  was  recovered  from  the  site  of  inoculation  in  each 
instance. 

C.  Inoculations  with  anthrax  vaccine,  followed  by  bacillus  tubercu- 
losis. 

Experiment  V. 

Brown-Sequard  experiment. — Five  guinea-pigs  were  placed  in  bell-jars 
of  14  litres  capacity  arranged  in  series.  The  experiment  was  com- 

menced February  4,  1897,  and  terminated  February  24,  1897,  when  the 



KESISTAKCE    OF    ANIMALS    TO    MICRO-OKGANISMS.  9 

animals  were  inoculated  with  Prof.  Chester's  First  Anthrax  Vaecine. 
The  details  of  the  experiment  are  shown  in  Tahle  V.  As  none  of  the 
animals  were  affected  by  the  anthrax  vaccine  they  were  inoculated  with 
bacillus  tuberculosis^  March  4,  1897. 

Table  V. 

Date,  1897. Hour. 
No.  1, 

322  g. 

No.  3, 
338  g. 

No.  3, 

293  g. 

No.  4, 

318  g. 

No.  5, 

360  g. CO2. 
Remarks. 

eb.    4   10.30  a.  m. No.  1  is  nearest  the  pump. 

"      9   3.00  p.  m. 1.47 Air  of  bell-jar  No.  1. 
"     13   5.00     " 

1.46 <c                u                  u 

''    23   3.80     " 
1.20 u                n                  u 

"    24   
"    24.  .  .  . 

4.00     " Experiment  stopped. 
Inoculated  with  anthr.  vac. 

"    24   
ar.  4   

298  g. 
297  g-. 256  g-. 

286  g. 317  g. 
Present  weight. 

Inoculated  with    B.   tubercu- losis. 

"30   + No.  4    dead.   T.  bacilli  found. 

pril  4   
"      9   
"    11   
"    12   

+ 
+ 

+ 
+ 

u      1         u 

u     2       "              "              «' 

Tubercle  bacilli  were  demonstrated  in  the  spleen,  lymphatic  glands 
and  the  lungs  of  all  the  animals. 

Experiment  VI. 

Carbonic  acid  gas. — Four  guinea-pigs  were  placed  under  a  37  litre 

bell-jar,  December  28, 1896,  and  the  experiment  was  terminated  February 
24,  1897,  when  they  were  inoculated  with  the  anthrax  vaccine.  On 
March  4, 1897,  they  were  each  inoculated  with  bacillus  tuberculosis.  For 
details  of  the  experiment  see  Table  VI. 

Tubercle  bacilli  were  demonstrated  in  the  lymphatic  glands,  lungs 
and  spleen  of  all  the  animals. 

Control  animals  of  anthrax  vaccine  and  tuberculosis  inoculations. 

2/24/97.     Control  guinea-pig  No.  1,  weight  650  g. 

2/24/97.  "  "  "     2,       "        750  g. 
Inoculated  with  anthrax  vaccine,  but  failed  to  die,  and  were  again 

inoculated  with  bacillus  tuberculosis  3/4/97. 
No.  2  died  3/27.  Found  tubercle  bacilli  in  the  spleen  and  at  the 

site  of  inoculation. 

No.  1  died  4/27.     Glands  tubercular,  also  lungs,  liver  and  spleen. 

3/4/97.     Control  guinea-pig  No.  3,  weight  700  g. 
3/4/97. 

700  g. 
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I 

Inoculated  with  bacillus  tuberculosis. 

5/17/97  No.  3  dead.  Lungs  and  glands  show  masses  of  tubercules. 
Liver  and  spleen  smaller  numbers. 

5/28/97  No.  4  killed.  Lungs  and  glands  show  masses  of  tubercles. 
Liver  and  spleen  smaller  numbers,  but  are  very  much  congested. 

Table  YL 

Date,  1896. Hour. 
No.  1, 
200  g. 

No.  3, 
330  gf. 

No.  3, 
217  g. 

No.  4, 

195  g. 

^of 

CO2. 
Remarks. 

Dec.  28   3.30  p.  m. 
1897. 

Jan.  15   9.00  a.  m. 

4- 

No.  4  dead. 

"     18.... 3.30  p.  m. + + 3.47 Air  entering  bell-jar. 
"     35   10.00  a.  m. 

272  g. 277  g. 360  g. 
Nos.   1    and    2    dead.      Replaced    by 

fresh  pigs. 

'*     29   L30  p.  m. 14.9 Air  entering  bell-jar. 
Feb.  4   2.30     " 

0.4 
u            u                  ti       a. 

"     9   3.00     " 0.32 U                li                       u         u 

"  23   3.30     " 
7.01 ii                u                        u         <t 

"  24   3.00     " Experiment  stopped. 
"   24   Inoculated  with  anthrax  vac. 

"  24   
252  g. 236  g. 248  g. 285  g. 

Present  weight. 
"  25   + No.  2  dead.     Examination  post  mor- 

tem negative. 
Mar.  4   

Inoculated  with  B.  tuberculosis.' 
-   19   + No.  4  dead,  bacilli  found. 
"  30   + u      3       u               u 

April  10... + u      1       u                u 

Summary  of  Results. 

In  the  staphylococcus  and  diphtheria  inoculations  the  cultures  used 
appear  to  have  been  insufficiently  attenuated  to  show  any  difference  in 
the  effects  produced  upon  the  animals  under  experiment  and  the  control 

animals.  It  is,  however,  very  doubtful  whether  cultures  of  these  organ- 
isms could  be  attenuated  to  such  a  degree  as  to  still  kill  a  weakened 

animal  and  not  kill  a  control,  healthy  animal. 

The  anthrax  vaccines  used  do  not  kill  a  healthy  guinea-pig,  but  it  was 
expected  that  the  animals  might  present  sufficient  lowering  of  the 
vitality  to  become  affected  by  the  vaccines.  This,  however,  was  not  the 
case.  The  animals  having  failed  to  die  from  the  effects  of  the  anthrax 

vaccines,  they  were  then  inoculated  with  an  attenuated  culture  of  tuber- 
culosis. All  the  animals  under  experiment  died  much  earlier  than  the 

control  animals.  These  results  indicate  a  lowered  vitality.  Whether 
this  lowered  vitality  was  brought  about  by  the  atmospheric  conditions 
under  which  they  had  lived,  or  whether  it  was  brought  about  solely 
through  changes  in  their  diet  while  under  experiment,  or  whether  both 
these  causes  were  active  in  producing  the  result,  it  is  impossible  to  say. 
The  animals  lost  flesh  and  decreased  in  weight  while  under  experiment. 
It  is  not  improbable  that  the  loss  in  weight  and  the  decrease  in  vitality 
are  both  traceable  to  the  same  causes. 
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PREFACE. 

The  Select  Bibliography  of  Chemistry,  1492-1892,  was  published  in 

1893  ;  this  First  Supplement  includes  works  omitted  in  that  volume  and 

brings  the  literature  of  chemistry  down  to  the  close  of  the  year  1897.  In 

the  following  pages  the  lines  of  the  original  work  have  been  followed,  the 

term  chemistry  being  taken  in  its  fullest  significance  ;  the  range  of  topics 

will  be  seen  in  the  Subject-Index  and  their  distribution  in  the  Table 

on  page  vii.  This  Supplement  does  not  embrace  Academic  Dissertations, 

a  catalogue  of  which  is  nearly  ready  for  the  press. 

As  in  the  first  volume,  the  titles  are  grouped  in  Sections  with  a  view  to 

facilitating  reference  :  I.  Bibliography  ;  II.  Dictionaries  ;  III.  History  ; 

IV,  Biography  ;  V.  Chemistry,  Pure  and  Applied  ;  VII.  Periodicals. 

Section  VI.,  Alchemy,  has  been  dropped.  The  scope  of  each  Section  is 

explained  in  the  first  volume,  and  it  need  only  be  here  pointed  out  that  in 

each  (excepting  those  of  Biography  and  Periodicals)  the  titles  are  arranged 

alphabetically  by  authors,  translations  of  each  work  following  the  origi- 

nal in  the  alphabetical  order  of  the  English  names  of  the  languages.  The 

order  is  the  same  as  in  the  Table  on  page  vii.  In  the  Section  of  Biog- 

raphy the  titles  are  placed  under  the  names  of  the  persons  described,  with 

cross-references  from  the  authors. 

In  the  preparation  of  this  Supplement  I  have  been  fortunate  in  secur- 

ing, through  the  agency  of  the  Smithsonian  Institution,  the  co-operation  of 

eminent  men  of  science  and  letters  in  several  parts  of  the  world.  In 

response  to  requests  addressed  to  the  gentlemen  named  below,  they  con- 

tributed more  than  two  thousand  titles,  as  shown  in  the  statement  : 

Titles  Contributed.* 

13  Arabic,  by  Dr.  Y.  Sarriif,  of  Cairo,  Egypt. 

20  Finnish,  by  Professor  Ed.  Hjelt,  of  Helsingfors. 

*  The  number  of  titles  here  given  does  not  agree  in  each  case  with  those  in  the 
Table  on  page  vii,  because  many  were  duplicates,  and  some  were  Dissertations. 

V 
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49  Japanese,  by  Professor  Percy  Wilkinson,  of  Melbourne,  and  Professor 

J.  Sakurai,  of  Tokyo. 

93  Bohemian,  by  Professor  Bohuslav  Brauner,  of  Prague. 

125  Dutch,  by  Professor  J.  H.  van  't  Hoff,  of  Rotterdam. 
141   Portuguese,  by  Professor  Charles  Le  Pierre,  of  Lisbon. 

205  Swedish,  by  Professor  P.  T.  Cleve,  of  Upsala. 

(  Danish,         \ 

644  -<  Norwegian,  v  by  Mr.  Axel  Moth,  of  Copenhagen  and  New  York. 
(  Swedish,       J 

760^  Russian,  by  Professor  A.  Krupsky,  of  St.  Petersburg. 
To  these  gentlemen  sincere  thanks  are  due  for  their  valuable  and  efifi- 

cient  co-operation.  It  is  to  be  regretted  that  promises  made  by  others  were 
not  fufilled. 

I  am  under  obligations  to  several  persons  for  assistance  in  proof-read- 

ing. Dr.  Immanuel  M.  Casanowicz,  of  the  Smithsonian  Institution,  read  the 

Russian  ;  Mr.  Louis  Solyom,  of  the  Library  of  Congress,  read  the  Polish, 

Bohemian,  and  Slavonic  languages  ;  Miss  Aletta  S.  S.  Nickelsen,  of  the 

Smithsonian  Institution,  read  the  Swedish,  Danish,  Norwegian,  and  Fin- 

nish ;  and  Mrs.  Henry  Carrington  Bolton  read  the  Italian  and  assisted 

in  reading  the  proof  of  the  entire  volume. 

In  the  preparation  of  this  Supplement  I  visited  the  following  Institu- 

tions and  wish  to  express  sincere  thanks  for  personal  attentions  shown  me 

by  their  Directors,  Librarians,  and  Assistant  Librarians  :  Biblioteca  Nazi- 

onale,  Naples  ;  Biblioteca  Nazionale  Centrale  Vittorio  Emanuele,  Rome  ; 

Istituto  Chemico,  Rome  ;  Biblioteca  Marucelliana,  Florence  ;  Biblioteca 

Nazionale,  Florence  ;  Biblioteca  Brera,  Milan  ;  Bibliotheque  Royale, 

Brussels  ;  Bibliotheque  Nationale,  Paris  ;  British  Museum,  London  ;  Har- 

vard University,  Cambridge ;  Public  Library,  Boston  ;  Massachusetts 

Institute  of  Technology,  Boston  ;  Public  Library,  New  York  ;  Columbia 

University,  New  York  ;  as  well  as  the  following  in  Washington,  D.  C.  : 

United  States  Department  of  Agriculture,  United  States  Geological  Sur- 

vey, Library  of  Congress,  United  States  Patent  Office,  Smithsonian  Insti- 

tution, and  the  Surgeon-General's  Office  of  the  United  States  Army. 

Henry  Carrington  Bolton. 

Washington,  D.  C. 
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84 
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The  number  of  titles  in  the  Select  Bibliography 

the  two  volumes  of  17,585, 
12,031,  making  a  grand  total  in 





EXPLANATION  OF  ABBREVIATIONS  AND  SIGNS. 

The  abbreviations  of  titles  of  periodicals  used  in  Sections  III.  and  IV. 

will  be  found  on  pages  1159-1164  of  the  Bibliography. 

*  prefixed  to  a  title  indicates  a  work  in  the  private  library  of  the 
editor. 

t  following  a  date  signifies  current  at  that  date. 

II  following  a  date  signifies  publication  discontinued. 

Ill,  illustrated. 

PI.,  plates. 

Fol.,  4to,  8vo,  etc.  The  sizes  given  are  only  approximate,  having  been 

taken  largely  from  catalogues  using  different  standards. 

Bibl.,  Select  Bibliography  of  Chemistry,  1893. 

Pagination  is  given  only  of  those  works  examined  by  the  editor  or  by  a 
collaborator. 

Cross-references  in  a  given  Section  refer  to  works  in  the  same  Section 
unless  otherwise  stated. 





A  SELECT  BIBLIOGRAPHY  OF  CHEMISTRY 

1492-1897. 

FIRST    SUPPLEMENT. 

SECTION  I. 

BIBLIOGRAPHY. 

AlGNER,  A. 

Real  -  Index  iiber  die  wichtigsten  bergmannischen,  pyrotechnischen 
VVerke  und  Artikel  mit  Beriicksichtigung  des  Salinenwesens.  Wien, 

1895.     8vo. 

AjieKcteBii,  n.  n. 

OOsopt  pyccKot  XHMH^ecKoft  jiHTepaTypH  1874-1885. 
Alexeef,  p.  p.     Review  of  Russian  chemical  literature  from  1874  to  1885. 

Alphabetischer  Katalog  der  Bibliothek  der  koniglichen  sach- 

sisCHEN  Bergakademie  Freiberg.  Nachtrag  i.  Zuwachs  vom 

Ende  des  Jahres  1879  bis  Ende  1892.     Freiberg,  1893. 

Analyst  (The).  The  organ  of  the  Society  of  Public  Analysts.  General- 
Index  to  the  Proceedings  of  the  Society  of  Public  Analysts,  vol.  i, 

1876,  and  to  The  Analyst,  vols,  i-xx,  1877-1896.  Compiled  by  J. 
Cuthbert  Welch.     London,  1897.     pp.  18  r,  8vo. 

Annales  de  chimie  et  de  physique.  Sixieme  serie  (1884-93).  Vols, 

i-xxx.  Tables  [des  matieres]  dressees  par  G.  Matignon.  Paris, 
1895.     8vo. 

Barnett,  Claribel  Ruth. 

References  to  the  Literature  of  the  Sugar  Beet,  exclusive  of  works  in 

foreign  languages.  U.  S.  Department  of  Agriculture.  Library 

Bulletin,  June,  1897.     pp.  9,  4to. 
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Bay,  J.  Christian. 
Materials  for  a  monograph  on  Inuline.      Trans.  Acad.  Sci.,  St.  Louis, 

vol.  VI,  p.  151.     (March,  1893.) 
Contains  a  bibliography  of  Inuline, 

BiBLiOGRAPHiA  HopKiNSiENSis,  1876-1893.  Parts  II  and  III,  Chemistry, 
Geology  and  Mineralogy.  Issued  by  the  Johns  Hopkins  University, 

Baltimore,  1893.     pp.  vi-50,  8vo. 
A  bibliography  of  the  publications  on  chemistry,  etc.,  by  the  Professors, 

Fellows,  and  Graduates  of  Johns  Hopkins  University,  prepared  by 

WyattW.  Randall. 

BiBLioGRAPHiE  DES  SCIENCES  CHiMiQUES.      Catalogue  mensuel  de  livres 

nouveaux  et  de  livres  anciens  d'  occasion  en  vente  a  la  librairie 
J.  B.  Bailliere  et  fils.     .     .     .     Paris,  Juin,  1893.     pp.  64,  8vo. 

A  trade  catalogue  classified  by  subjects. 

Bibliography  and  Literature  of  Foods  and  Drugs  and  their 

Adulterations.  Regulations  concerning  the  analysis  of  foods 

and  drugs  in  the  District  of  Columbia.  Washington,  1888.  U.  S. 

Internal  Revenue,  Series  7,  No.  15. 

BiBLIOTHECA  POLYTECHNICA  ;    INTERNATIONALE  BiBLIOGRAPHIE  DER    GE- 
SAMMTEN  NEUEN  TECHNiscHEN  LiTTERATUR.     Hcrausgegeben  von 

Fritz  von  Szczepanski.     St.  Petersburg  und  Leipzig,  London,  Paris, 

New  York,  1893.     i  vol.,  8vo. 
Also  with  the  titles  : 

International  contemporary  technical  bibliography. 

Bibliographie   Internationale   contemporaine   des  nouvelles 

publications  techniques. 

UojHTexHHiecKaa    BadjiioTeEa.      Me:KAyHapoaHaa     TexHH^ecKaa 

(JnCjiiorpa  4)ia    cb  CHCieMaTH^ecKOM'B   nepe^Heiii   pycCKHxi 
TexHa^ecKHXi  aiypHajiOBi,     H3;t.  IIIisnaHCKift. 

BiBLIOTHECA  RERUM  METALLTCARUM.  Verzeichuiss  dcr  bis  Mitte  1856 

in  Deutschland  tiber  Bergbau,  Hiitten-  und  Salinenkunde  und 
verwandte  Zweige  erschienen  Biicher,  Karten  und  Ansichten. 

Mit  Sach-Register.  Zweite  verbesserte  und  vermehrte  Auflage. 

Eisleben,  1857.     pp.  xxxii-164,  i2mo. 

...     Nachtrag,  den  Zeitraum  von  Juli  1856  bis  Jan.  1864  umfassend. 

Eisleben,  1864.     pp.  xxiv-iio,  i2mo. 
Includes  metallurgy  and  chemistry. 

Bolton,  Henry  Carrington.     (Bibl.,  p.  6.) 

Bibliography  (A)  of  Analytical  and  Applied  Chemistry  for  the  year 

1892.     J.  Anal.  Appl.  Chem.,  vol.  vii,  p.  19.     (Jan.,  1893.) 



SECTION    I. — BIBLIOGRAPHY.  3. 

Bolton,  Henry  Carrington.     [Cont'd.] 
Bibliography  as  a  Feature  of  the  Chemical  Curriculum.  Read  at  the 

Springfield  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  August,  1895.  Science,  N.  S.,  vol.  11,  p.  440. 

(Oct.  4,  1895.) 

Chemistry.  A  Selection  from  its  Literature,  annotated  by  H.  C.  B.  List 

of  Books  for  Girls  and  Women  and  their  Clubs.  Edited  by  Au- 
gusta H.  Leypoldt  and  George  lies.     Boston,   1895.     Roy.  8vo. 

Select  (A)  Bibliography  of  Chemistry,  1492-1892.  Smithsonian  Mis- 
cellaneous Collections,  No.  850.  City  of  Washington,  1893.  PP- 

xvi-i2i2,  8vo. 
Short  (A)  List  of  Books  on  Chemistry.  Selected  and  annotated  by  H. 

C.  B.  Reprint  from  Scientific  American  Supplement,  No.  1033. 

October  19,  1895.     n.  p.     [New  York.] 

Epofino,  M.  P. 

CHcxeMaTH^ecKoft  yKasaiejiB  Texna^ecKHxi  ciaieft,  ehhf'b  h  Gpomypi. 
C-lIeiepOypr'B  1885  h  86, 

Broydo,  M.  R.  Systematic  Index  to  technical  papers,  books,  and  pamph- 
lets for  1885  and  1886.     St.  Petersburg. 

Bulletin  de  la  societe  chimique  de  Paris.     Tables  des  annees   1875 

a  1888  dressees  par  T.  Schneider.     Paris,  1894.     8vo. 

Jiynre,  H.  A. 

nporpaMna  no  TexHHiecKaa   xemIh  (cb    yKasanieMx  BasHoS  KHHajHoft  jHie- 
paiypH).    KieBi  1888. 

BuNGK,  N.  A.     Programme  of  a  Course  of.  Chemical  Technology  (with  an 
index  of  the  most  important  books).     Kief,  1888. 

OCaopi  KHHacHofi  jxeTepaiypH  noxHMB^ecEaa    TexHOJioriH,  1873-1882. 

Review  of  the  book-literature  on  Chemical  Technology  from  1873  to  1882. 

^Bynre,  H.  A.  h  OoBHHCKifl,  B.  E. 

YKasarejiB  pyccKoft  jiHiepaTypH  no    MaTeMainKt,  ^hcthmi  h  npHKJiaflHHM'B 
ecTecTBMiHBTMi>  HayKaMi.     T.  i-xvii,  1872-1888,    EieBt.    1873-1890. 

BuNGE,  N.  A.,  and  Sovinsky,  V.  K,  Index  to  Russian  literature  on 

Mathematics,  pure  and  applied  Natural  Sciences.  Vols,  i-xvii,  1872- 
1888.     Kief,  1873-1890. 

Carrere,  J.  B.  F.     (Bibl.,  p.  8.) 

Catalogue  raisonne  des  ouvrages  qui  ont  ete  publics  sur  les  eaux  mine- 
rales  en  general  et  sur  celles  de  la  France  en  particulier,  avec  une 

notice  de  toutes  les  eaux  minerales  de  ce  royaume,  et  un  tableau 

des  differents  degres  de  temperature  de  celles  qui  sont  thermales  ; 

public  d'apres  le  voeu  de  la  Societe  royale  de  medecine.  Paris, 
1785.     pp.  viii-584,  4to. 
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KaTajiorx  EBdJiioTeKH  (iTfftJi.  Xhmih  PyccKaa  $H3BK0-XHMB^ecKaa  O^mecTsa  upn 
HMnepaTopcEoe  CrHeTepdyprcKoe  yHHBepcHTeTt.    C.-IIeTep6yprx  1892. 

Catalogue  of  books  and  pamphlets  entered  in  the  Library  of  the  Russian 

Chemical  Society  at  the  Imperial  University  of  St.  Petersburg  from 
1868  to  1891.     St.  Petersburg,  1892. 

Chemical  Society  of  London.  Collective-Index  of  the  Transactions, 
Abstracts  and  Proceedings  of  the  Chemical  Society.  3  vols.  I 

(1841-72),  1874;  11(1873-82);  111(1883-92).  8vo.  London, 
1873-95- 

Chemisch-technisches  Repertorium  (Jacobsen).  General  -  Register. 

Jahrgang  xxvi-xxx  (1887-91).     Berlin,  1893. 

Christensen,  Odin  T. 

Fortegnelse  over  chemiske  Lexica,  og  Tidsskrifter  der  findes  paa  de 

vigtigste  Bibliotheker  i  Kj0benhavn.  Udgivet  af  "  Chemiske 

Forening."     Kj0benhavn,  1883.     8vo. 

Claus,  C. 

Fragment  einer  Monographic  des  Platins  und  der  Platinmetalle,  1865- 
1883.  [Bibliographie  des  Platins  und  der  Platinmetalle.]  St. 

Petersburg,  1883.     pp.  62,  8vo. 

Dalton,  W.  H. 

List  of  works  referring  to  British  Mineral  and  Thermal  Waters.  Report 

of  the  58th  meeting  of  the  British  Association  for  the  Advance- 
ment of  Science.     1888. 

Deniker,  J. 

Bibliographie  des  travaux  scientifiques  (sciences  mathematiques,  phy- 
siques et  naturelles)  publics  par  les  societes  savantes  de  la  France, . 

dressee  sous  les  auspices   du   ministere  de  I'instruction  publique. 
Paris,  1895-97.     2  parts,  4to. 

DoRVEAUX,  Paul.  (Substitute  for  title  on  page  37  of  Bibl.) 

*  Catalogue  des  theses  de  pharmacie  soutenues  en  Province  depuis  la 

creation  des  Ecoles  de  Pharmacie  jusqu'  a  nos  jours  (1803-1894). 

Suivi  d'  un  Appendice  au  "  Catalogue  des  theses  soutenues  devant 

r  Ecole  de  Pharmacie  de  Paris."  Avec  un  Fac-simile  de  la  syn- 
these  de  Claude  Joseph  Geoffroy  illustree  par  Sebastien  Le  Clerc. 

Paris,  1895.     pp.  117,  8vo. 

EiLOART,  Arnold. 

An  Index  to  the  Literature  of  Stereo-chemistry.  J.  Am.  Chem.  Soc. 

Vol.  xiv,  pp.  241-286.     (Oct.,  1892.) 
Cf.  in  Section  V,  Eiloart,  Arnold  ;  A  Guide  to  Stereo-chemistry. 
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Elektrotechnische  Bibliographie.  Monatliche  Rundschau  iiber  die 

litterarische  Erscheinungen  des  In-  und  Auslandes  einschliesslich 
der  Zeitschriftenlitteratur  auf  dem  Gebiete  der  Elektrotechnik. 

Under  standiger  Mitwirkung  der  Elektrotechnischeia  Gesellschaft 

zu  Leipzig  zusammengestellt  von  Georg  Maas.     Leipzig,  1893+. 

Enumeration  of  Titles  of  Chemical  Papers  appearing  in  May,  1894 

[to  date,  monthly].     [In]  Science  Progress.     London,  July,  1894- 

97+. Indexes  22  journals. 

Ephraim,  J. 

Index  der  gesammten  chemischen  Litteratur  (Wissenschaft  und  Tech- 
nologic).    Berlin,  1894. 

Extensively  advertised  but  never  published. 

EpeMieBx,  B. 

^paHiiyaico-pyccEifi  cjiOBapt  lexHE^ecKiixi  TepMiiiioBi  h  Bupa^eHiH. 

C.-IIeTepCypr'L. 
Eremeef,  v.     French-Russian  Dictionary  of  Technical  Terms  and  Expres- 

sions.    St.  Petersburg,  1835. 

Bpaexx. 

yKasaiejiB  jiHTepaiypH  no  Borpocy  oCi  yaajrewiH  n    oCesBpeafHBaniH  ne^nc- 
TOTii.    C.-neTep6yprt  1885 

Erlich,  I.     Index  to  literature  on  the  removal  of  garbage,  and  sanitation. 
St.  Petersburg,  1885. 

Eerreira  da  Silva  (a.  J.).     (Bibl.,  p.  438.) 

Catologo  da  bibliotheca,  dos  apparelhos  e  ustensilios  e  reagentes  do 

Laboratorio  Municipal  de  Porto.  Porto,  1894.  pp.  lxxxiii-239, 
8vo. 

Eriedlaender,  R.,  und  Sohn. 

Biicher-Verzeichniss,  Nos.  412-414.  Abtheilung  xxiv,  2,  3,  4.  Chemie. 
Part  I  :  Reine  Chemie.  Part  II  :  Angewandte  Chemie.  Part  III  : 

Chemische  Technologic.     Berlin,  n.  d.  [1894].     3  parts,  8vo. 

GAR90N,  Jules. 

Bibliographie  de  la  technologic  chimique  des  fibres  textiles.  Proprietes, 

blanchiment,  teinture,  matieres  colorantes,  impression,  apprets. 

Paris,  1893.     8vo. 
Ouvrage  couronne  par  la  Societe  industrielle  de  Mulhouse. 

Gerrare,  W. 

Bibliography  of  Guns  and  Shooting.  List  of  ancient  and  modern,  Eng- 
lish and  foreign  books  relating  to  firearms  and  their  use,  and  to  the 

composition  and  manufacture  of  explosives.     London,  1896.     8vo. 
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Grunfeld,  a. 

Verzeichniss  der  von  der  medicinischen  Facultat  zu  Dorpat  seit  ihrer 

Griindung  veroffentlichten  Schriften.     Halle,  1889. 
C/»  Historische  Studien.  .  .  .  Pharmakologische  Inst.  .  .  .  Dorpat,  ht 

Section  III. 

ryanmaMdapoB-B,  C 
OnuTi  Bceofimifi  6H6jiiorpa(J)iH  He(J)TflHofl  EpoMHmjieHOCTH.  JLiTepaiypH  fltMeii- 

Kifi   aHFjiiicEifi,  (J'paHii.    jiaT..  Hiaji.,  rojiji.,  etc.  C.-UeiepOypra.^  18S3  2vols8«. 
GULISHAMBAROF,  S.  Comprehensive  bibliography  of  petroleum  and  its  in- 

dustry, in  the  German,  English,  French,  Latin,  Italian,  Dutch,  Scan- 
dinavian, Spanish,  Polish,  and  Japanese  languages.  St.  Petersburg. 

1883.     2  vols.,  8vo. 

FeKejiB.  A. 

BH6jiiorpa(|)H^e3Kift   yEa-iaiejiL     pycCKofi     h   hhoctPiHho5     JTHTppaiypH    do 

BSBiiHBqaTHMMi  BemecT  aM-L  ci  1529  no  1882  roj'L.  C.-BeTepCyprx.  1886. 
Heckel,   a.     Bibliographical  Index  to  Russian  and  foreign  literature  on 

explosives,  from  1529  to  1882.     St.  Petersburg,  1886. 

HiNRICHS,  GUSTAVUS. 

Chronological  list  of  recent  contributions  to  Atommechanics.  St.  Louis^ 

1892.     8vo. 

Hoffmann,  Friedrich. 

Deutsch-sprachlichen  (Die)  pharmaceutischen  Zeitschriften.  Pharma- 

ceutische  Rundschau,  New  York.  Vol.  xii,  pp.  7-10  (Jan.,  1894)^ 
and  pp.  28  (Feb.,  1894). 

English-sprachliche  pharmaceutische,  chemische  und  botanische  Zeit- 

schriften Nord  Amerika's.  Pharmaceutische  Rundschau,  New 
York.     Vol.  XII,  pp.  131-T36  (June,  1894). 

Howe,  Jas.  Lewis. 

Bibliography  of  the  Metals  of  the  Platinum  Group.  Platinum,  Palla- 

dium, Iridium,  Rhodium,  Osmium,  Ruthenium,  1748-1896.  Smith- 
sonian Miscellaneous  Collections,  No.  1084.  City  of  Washington, 

1897.     pp.  318,  8vo. 

Inhaltsverzeichniss  wissenschaftlich-  landwirtschaftlicher  Zeitschriften 

der  Verlagsbuchhandlung  Paul  Parey  in  Berlin  :  Landwirtschaft- 

liche  Jahrbiicher,  Jahresbericht  fiir  Agricultur-Chemie,  Journal  fiir 
Landwirtschaft,  Landwirtschaftliche  Versuchs-Stationen.  213 
Bande.     Berlin,  1896.     pp.  77,  8vo. 

An  index  to  contents  of  each  volume  of  the  journals  named  with  an  author- 

alphabetical  index.  Compiled  for  trade  purposes,  it  sets  a  good  ex- 
ample to  others. 
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HBaHOBCEift,   A.  A. 

BHdjiiorpa(|)HqecKift -yKagaiejiL  wb  Hsa.  06mecTBa  JioCHTejiefi  EciecTBOSHaHa 
AHTpoiiojiHria  B  ETHorpa(|)iH  ex  15  Okt.  1863  r.  no  1  Asr.  1894  r.  MocKea, 
1894. 

IvAMOVSKY,  A.  A,  Bibliographical  index  to  the  publications  of  the  socie- 

ties of  naturalists,  anthropologists,  and  ethnographists  in  Moscow,  from 

October  15,  1863,  to  August  I,  1894.     Moscow,  1894. 

Journal  de  pharmacie  et  de  chimie.  Table  generale  des  auteurs  et 

des  memoires  cites  dans  les  tomes  i  a  xxx  (1880-1894)  de  la  cin- 
quieme  serie.     Paris,  1895.     8vo. 

Journal  fur  praktische  Chemie.  Sach-  und  Autoren-Register  zu  Band 

1-50  der  Neuen  Folge  (Jahrgang,  1870-1894),  bearbeitet  von  R. 
Bahrmann.     Leipzig,  1895.     8vo. 

Katalog  der  Bibliothek  der  koniglichen  sachsischen  Bergaka- 

DEMiE  Freiburg.     Nachtrag.     Freiburg,  1893. 

Katalog  der  Bibliothek  der  koniglichen  technischen  Hochschule 

zu  Hannover.     Hannover,  1893. 

Katalog  der  Bibliothek  des  kaiserlichen  Patentamtes.  Berlin, 

1896.     8vo. 

Katalog  der  in  den  letzten  dreissig  Jahren  in  Deutschland  er- 
SCHIENENEN    BUCHER   UND    SCHRIFTEN  UBER   BiER,  BiERBRAUEREI, 

Gerste,  Hopfen,  Malz,  etc.     Nurnberg,  1896.     8vo. 

Kukula,  R.     (Bibb,  p.  20.) 

Bibliographisches  Jahrbuch  der  deutschen  Hochschulen.  Vollstandig 

umgearbeitete  neue  Auflage  des  "Allgemeinen  deutschen  Hoch- 
schulen Almanachs."     Innsbruck,  1892.     8vo. 

Leiner's  Elektrotechnischer  Katalog.  Die  Litteratur  der  Elektro- 
technik,  Electricitat,  Elektrochemie,  des  Magnetismus,  der  Tele- 
graphie,  Telephonie  und  Blitzschutzvorrichtung  der  letzten  zehn 

Jahre  von  1884  bis  1893.     Leipzig,  1893.     8vo. 

Liebig's  Annalen  der  Chemie.  General-Register  zu  Band  221-276 
(1883-1893).     Bearbeitet  von  Villiger  und  Dieckmann.      Leipzig, 
1895.  8vo. 

Lloyd,  John  Uri. 

References  to  Capillarity.     [In]  A  Study  in  Pharmacy.     Chicago,  1895- 
1896.  8vo. 

This  exhaustive  bibliography  of  capillarity  is  contained  in  the  privately 

printed  work  named. 
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Lopes,  Alfredo  Luiz. 

Aguas  minero-medicinaes  de  Portugal.     Lisboa,  1892.     pp.  477,  8vo. 
Contains  a  full  bibliography  of  the  mineral  waters  of  Portugal  with  chemical 

analyses. 

Maiden,  J.  H. 

Bibliography  of  the  Chemistry  of  indigenous  Australian  vegetable  pro- 
ducts. Report  of  first  meeting  of  Australasian  Association  for  the 

Advancement  of  Science.     1888. 

Marchlewski,  L. 

Die  Chemie  des  Chlorophylls.     Hamburg  und  Leipzig,  1895. 
Contains  a  bibliography  of  the  subject. 

Massachusetts  Institute  of  Technology.  Publications  of  the  M.  1. 

T.  and  of  its  Officers,  Students,  and  Alumni,  1862-1887.  Compiled 
by  William  Ripley  Nichols.  Second  edition,  revised  by  Lewis  M. 

Norton.  Published  by  the  Alumni  Association.  Boston,  1888. 

pp.  96,  8vo. 
Contains  bibliographies  of  the  works  of  the  graduates  and  officers  in  the 

chemical  department. 

Monatshefte  fur  Chemie.  Gesammelte  Abhandlungen  aus  den  Sitz- 

ungsberichten  der  Kais.  Akademie  der  Wissenschaften.  General- 

Register  zu  Band  i-x  (Jahrgang,  1880-89)  zusammengestellt  von 
R.  Wegschneider.     Wien,  1894.     8vo. 

Munroe,  Charles  E.     (Bibl.,  p.  23.) 

Index  to  the  Literature  of  Explosives.  Part  II,  pp.  43-195.  Balti- 
more, 1893.     8vo. 

OSTERBERG,    MaX. 

Synopsis  of  Current  Electrical  Literature,  compiled  from  technical 

journals  and  magazines  during  1895.     New  York,  1896. 

Parker,  C.  Leroy. 

Partial  Bibliography  of  Argon.  [Accompanying  a  paper  on]  Our 

Present  Knowledge  of  Argon.  J.  Am.  Chem.  Soc,  xix,  124 

(Feb.,  1897). 

Periodicals  relating  to  Chemistry  and  Physics  in  the  New  York 

Public  Library  and  Columbia  University  Library.  [Compiled 

by  Axel 'Moth.]  Bulletin  of  the  New  York  Public  Library,  Astor, 
Lenox,  and  Tilden  Foundations.  Vol.  i,  No.  6,  page  152.  (June, 
1897. 

UeipoBX,  H.  II. 

BH6jiiorpa$a^ecKit  yKasaiejiB  pyccKoft  aHCcepiaiiifl  no   Me;i;HitHH4,  (J)apMaiiiH 
n  BeiepHHaplH,  H3ji.  b-b  1892  roaa* 

Petrof,  N.  p.     Bibliographical  Index  to  Russian  dissertations  relating  to 
medical,  pharmaceutical,  and  veterinary  science.     1892. 
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Petrof,  N.  p.     [Cont'd.] 
JtonojiHenie  kx  dH6jiiorpa(t>HiecKoio  yKasaiejiio  pyccKHX'B    AHCcepTaitiax'b    no 

Me^HUHHt,  (|)apMan,iH  h  BCTepiiHapi  i    C.-neTepSyprx,  1896.    80 
Supplement   to.  the    Index   of    Russian    dissertations   relating  to  medical, 

pharmaceutical,  and  veterinary  sciences.     St.  Petersburg,  1896. 

Phillips,  Charles  E.  S. 

Bibliography  (A)  of  X-ray  Literature  and  Research,  1896-97.  Being  a 
carefully  and  accurately  compiled  ready-reference  index  to  the 

literature  on  the  subject  of  Rontgen  or  X-rays.  With  an  intro- 

duction to  the  subject  and  a  chapter  on  practical  X-ray  work. 
London,  1897.     8vo. 

POGGENDORFF,  JOHANN  CHRISTIAN.       (Bibl.,  p.   25.) 

Biographisch-literarisches  Handworterbuch  zur  Geschichte  der  exacten 

Wissenschaften,  enthaltend  Nachweisungen  uber  Lebensverhalt- 
nisse  und  Leistungen  von  Mathematikern,  Astronomen,  Physikern, 

Chemikern,  Mineralogen,  Geologen,  n.  s.  w.,  aller  Volker  und 

Zeiten.  Band  iii  (1858-83),  herausgegben  von  W.  Feddersen  und 

A.  J.  von  Oettingen.  Leipzig,  1896-98. 
Vol.  TV  (1884-1900)  will  be  issued  in  1900. 

Prescott,  Albert  Benjamin. 

Remarks  on  a  Working  Library  of  Chemistry  with  book-list.  The 
Academy,  Syracuse.     June,  1888. 

Repertorium  der  technischen  Journal-Litteratur.    Herausgegeben 
vom  kaiserlichen  Patentamt.     Jahrgang  1895.     Berlin,  1896. 

Review  of  American  Chemical  Research.     Editor  :  Arthur  A.  Noyes. 

Technology  Quarterly  [published  at  the  Massachusetts  Institute  of 

Technology].     Vol.  viii,  April,  1895,  p.  90,  to  Dec,  1896. 
From  January,  1897,  continued  in  J.  Am.  Chem.  Soc. 

Richet,  C. 

Bibliographia  physiologica  1895-1896.     Paris,  1896-97. 

RiDEAL,  S.,  and  S.  Rosenblum. 

Bibliography  of  the  Analysis  of  Chrome-Iron,  Ferro-chromium,  and 
Chrome-steel.     Chem.  News,  vol.  Ixxiii,  p.  2  (Jan.  3,  1896). 

CaMCapoBCKifi,  II.  P. 
aCEBaa  6Hd2iiorpa(J)ia  nocjitaHHx^  CTa  :jtTi.    Ojecca  1895. 

Sambarovsky,   p.   R.     a  living   bibliography  of  the  last  hundred  years. 
Odessa,  1895. 

Scott,  Alexander. 

Atomic  Weights.  Bibliography.  Science  Progress,  i,  p.  542.  (Aug., 
1894.) 

24  titles  only. 
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Seymour,  Paul  H. 

Bibliography  of  Aceto- Acetic-Ester,  and  its  Derivatives.  Smithsonian 

Miscellaneous  Collections,  No.  970.  Washington,  1894.  pp.  x-148, 
8vo. 

CoBHHCKifi,  B-  K.  n  Bynre,  fl.  A. 

See  Bunge,  N.  x-\.,  and  Sovinsky,  V.  K. 

SzczEPANSKi,  Fritz  von. 

See  Bibliotheca  polytechnica. 

TaiipoBT.,  B. 

EH6jiiorpa(j)HqecKiH  yKasaiejiB  KHzr^,  Cpomyp-B  h  ffiypHajBiiKXT.    ciaieS  no 

BHHorpaacTBy  h  BHHoatjiH)  c-B  1765  no  18i0r,    C.-IIeTepdypr-L,  1891. 
Tairof,  Basil.     Bibliographical  Index  to  books,  pamphlets,  and  magazine 

articles  on  oenology  and  wine-making  from  1758  to  1890.     St.  Peters- 

burg, 1891. 

Trimble,  Henry. 

Index  to  the  literature  of  the  Tannins.     See  in  Section  V. 

Tuckerman,  Alfred. 

Index  to  the  Literature  of  Thermodynamics.  Smithsonian  Miscel- 

laneous Collections.     Washington,  1890.     pp.  v-239,  8vo. 

YKasaTeaB  oTEpHTift  no  $H3HKi,  xhmIh,  ecTecTBennofi  Hciopin  h  lexnojioriH.  hs^ 

aaBHiHM'B  HHKOJiaeM'B  IIl,erojiOBHM'B.  1824  30.  C.-HeiepCypr'B, 
Index  of  Inventions  in  Physics,  Chemistry,  Natural  Science,  and  Technology. 

Edited  by  Nicolai  Shchegolof.     From  1824  to  1830.      St.  Petersburg. 

YKasaiejiB  nsaaBniHiix  06n;ecTBa  EcTecTBonniaTejieft  npn  KasaHBCKOM'B  ynHsep 
CHieT*.     KasaHB,  1894.      8« 

Index  to  the  publications  of  the  Society  of  Naturalists  at  the  University  of 
Kazan.     Kazan,  1894. 

YKasaTejiB  oTKpBiTifl  no  ̂ Hsn^ecKHMX  h  eciecTBeFHHM'B    naysaMi,    cocTaBJi.  M. 
XoTHHCEDM'B.    C.-IIeTep6ypri  1850-56. 

Index  of  Discoveries  in  Physical  and  Natural  Sciences.    Edited  by  M.  Kho- 

tinsky.     St.  Petersburg,  1 850-1856. 

Venable,  F.  p. 

A  Bibliography  of  the  Periodic  Law.  [Accompanying]  The  Develop- 
ment of  the  Periodic  Law.     Easton,  Pa.,  1896. 

Verzeichniss  der  in  Deutschland  erschienen  wissenschaftlichen 

Zeitschriften.  Fiir  die  Universitats  -  Ausstellung  in  Chicago, 

1893  im  Auftrage  des  Ministeriums  der  Unterrichts-Angelegenheiten 
herausgegeben  von  der  kon.  Bibliothek  zu  Berlin.  Berlin,  1893. 
8vo. 

Warrington,  T.  C. 

The  Composition  of  Water  ;  A  Short  Bibliography,  Chem.  News,  vol. 

Ixxiii,  p.  137  et  seq.  (Mch.,  1896). 
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Wegweiser  durch  die  elektrotechnische  Fach-Lttteratur.  Schlag- 
wortkatalog  der  Biicher  und  Zeitschriften  fur  Elektrotechnik  und 

vervvandte  Gebiete,  einschliesslich  der  auslandischen  Litteratur. 

Zweite  vermehrte  und  verbesserte  Auflage.     Leipzig,  1896.     8vo. 

Wilder,  Hans. 

List  of  Tests  (Reagents)  arranged  in  alphabetical  order,  according  to 

the  names  of  the  originators.  Designed  especially  for  the  con- 

venient reference  of  Pharmacists,  Chemists,  and  Scientists.  New- 
York,  1885.     i6mo. 

Zeitschrift  fur  analytische  Chemie.     (Fresenius.) 

Autoren-  und  Sach-Register  zu  den  Banden  xxi-xxx  (1882-91). 
Wiesbaden,  1891.     8vo. 

SeepHHueBT.,  JL  H. 

CHCTeMaTH^ecKift  ^KaaaTejiB  KHHn.,  6pomypt  h  aiypnajioB'B  uo  BCtMi  OTpac- 
jiaMX  TexHHKH  Ha  pyccKoMT.,  iitiMei;.,  (})paHii.  n  anrjiificE.  asHKaxi  sa 

1884  ron'B  H  nepBoe  nojiyrojtie  1885.    O^-JIeTepdyprt. 
ZVERINTZEF,  L.  N.     Systematic  Index  of  books,  pamphlets,  and  periodicals 

on  all  technical  branches  in  the  Russian,  German,  French,  and  English 
languages,  for  1884  and  the  first  half  of  1885.     St.  Petersburg,  1886. 

EH6jiiorpa(|)H^ecKift  yR  asaiejiL  pyccKofi  h  HHocipaHHofi  jxHTepaiypH  ho  iHMiii 

3a  1885  H  1886  roat.     C^IIeTepdypr'B. 
Bibliographical  Index  to  Russian  and  Foreign  Literature  on  Chemistry  for 

1885  and  1886.     St.  Petersburg,  1886. 
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Alkoholometrische  Reductionstafel  zur  Ermittlung  der  wahren 

Alkoholmenge  (Hectolitergrade  Alkohol)  aus  der  wahren  Starke 

von  75  bis  loo  ̂   und  aus  dem  Nettogewichte  eines  Branntwein- 
quantums.     Wien,   1895.     i2mo. 

AHffpieB'B,  n.  n 
Texaa^ecKia  cjroBapB     (|)paHii; -pyccKo-HfeMeniKO-aHrjiiftcEia:.        Haji;.  Hainepa- 

TopcKafl   PyccKaa  TexHH^ecKaa  06fii;ecTBa.    C.-HeTepdyprt,  1881» 
Andreef,  p.  p.  French-Russian-German-English  Technical  Dictionary. 

Published  by  the  Imperial  Russian  Technical  Society.  St.  Petersburg, 
1881. 

Barreswil  et  Aime  Girard.     (Bibl,  p.  40.) 

Elementi  di  chimica  industriale  compilati  suUe  edizione  francese  del' 
Dizionario  di  chimica  industriale  pubblicato  da  Barreswil  et  A.  Gir- 

ard con  la  collaborazione  di  S.  de  Luca.  Parigi,  1865.  2  vols. 
8vo.     111. 

Beilstein,  F.     (Bibl.,  p.  41.) 

Handbuch  der  organischen  Chemie.  Dritte  Auflage.  Hamburg  und 

Leipzig.     1892,  in  progress. 

Bersch,  F. 

Chemisch-technisches  Lexikon.  Eine  Sammlung  von  mehr  als  14,000 

Vorschriften  fiir  alle  Gewerbe  und  technischen  Ktinste  ;  heraus- 

gegeben  von  der  Mitarbeitern  der  Chemisch-technischen  Bibliothek. 

Wien,  1893-94.     8vo.     111. 

Blyth,  a.  Wynter. 

Dictionary  of  Hygiene  and  Public  Health,  including  Sanitary  Chemis- 
try, the  Composition  and  dietetic  value  of  foods,  and  detection  of 

adulterations,  sanitary  engineering,  drainage,  ventilation,  warming 

etc.,  the  whole  of  the  Public  Health  Act  in  a  form  admitting  of 

easy  and  rapid  reference,  hygiene,  military,  naval,  and  private, 

public,  and  school.     London,  1876.     8vo. 
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BoTTGER,  Rudolph. 

Tabellarische  Uebersicht  der  specifischen  Gewichte  der  Korper.  Ein 

alphabetisch  geordnetes  Handbuch  fiir  Freunden  der  Naturwissen- 

schaft,  imbesondere  fur  Chemiker,  Physiker,  Techniker  und  Min- 
eralogen.     Frankfort  a.  M.,  1837.     4to. 

BouANT,  E.     (Bibl.,  p.  42.) 

Diccionario  de  quimica.     Madrid  (?).     2  vols.,  4to.     111. 

Brelow,  Dammer,  und  Hoyer. 

Technologisches  Lexicon.  Vol.  i.  Chemische  Technologic.  Leipzig, 

1883.     8vo. 

Brenner,  August  Rudolph  und  A.  Porecky. 

Anorganische  Chemie  tabellarisch  dargestellt.  Quedlinburg,  1850. 
Fol. 

BUCHKA,  K.  VON. 

Physikalisch-chemische  Tabellen  der  anorganischen  Chemie.  Stutt- 

gart, 1895.     8vo. 
Supplement  to  Handbuch  der  anorganischen  Chemie,  by  O.  Dammer. 

BUGUET,  A. 

Resumes  de  chimie  sous  forme  de  tableaux  synoptiques.  Paris,  1896. 
8vo.     111. 

Burton,  Charles,  and  Warren  de  la  Rue. 

Tables  of  Equivalents  of  the  elementary  and  compound  bodies  syste- 
matically adapted  as  tables  of  equivalents  or  as  chemical  tables. 

London,  1843.     4to. 

KaaeT'B,  inapjiB  JIyH»     (Bibl.,  p.  43.) 

XzMH^ecKifi  cjioBapB,    cojepacamift  b'b  ced*  xeopiro    h  npaKTHKy   XhmIh,  cb 
npHJioffiieHifiMH  ea  kx  ecxecTBeHHoio  HCTopia  h  HCKyciBaMt. 

Cadet,  Charles  Louis.    Dictionnaire  de  Chimie.    Translated  into  Russian 

by  V.  Severgin.     St.  Petersburg,  1810-1813.     4  vols. 

Casali,  Adolfo. 

Dizionario  antico  e  moderno  della  chemica  e  delle  scienze,  arti  e  indus- 
trie  attinenti  alia  medesima.     Bologna,  1879.     8vo. 

Cesaris,  p. 

Nuovo  dizionario  di  chimica,  farmaceutica,  materia  medica,  terapeutica 

e  scienze  affini.     Lodi,  1897. 

Chevallier,  Alphonse  et  L.  Baudrimont.     (Bibl.,  p.  44.) 
Dictionnaire  des  alterations  et  falsifications  des  substances  alimentaires, 

medicamenteuses  et  commerciales  avec  indication  des  moyens  de 

les  reconnaitre.  Septieme  edition  par  L.  Heret.  Paris,  1893-97. 
2  vols.,  8vo.     111. 
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Cleve,  Per  Theodor. 

Kemiskt  hand-lexicon.     Stockholm,  1883.     8vo.     111. 

Coelho  de  Seabra  Silva  Telles  (Vicente). 

Nomenclatura  chimica  Portugueza,  Franceza  e  Latina,  a  que  se  ajunta  o 
systema  de  characteres  chimicos  adaptados  a  esta  nomenclatura 

por  Hallenfratz  e  Adet,  offerecida  A.  S.  Alteza  Real  o  Principe 

Regente.     Lisboa,  1801.     pp.  121,  4to. 

CoMEY,  Arthur  Messinger. 

A  pictionary  of  Chemical  Solubilities.    Inorganic.    New  York  and  Lon- 

v  don,  1896.     pp.  XX-515.     8vo. 

CUNDILL,  J.  P.      (Bibl.,  p.  46.) 

Dictionnaire  des  explosifs.  Edition  frangaise  remaniee  et  mise  a  jour 

avec  le  concours  de  I'auteur  par  E.  Desortiaux.    Paris,  1893.    8vo. 

Dammer,  O.,  und  F.  Rung. 

Chemisches  Handworterbuch.    Dritte  Auflage.    Stuttgart,  1892.    8vo. 
Cf.  p.  46  of  Bibl. 

Dictionnaire  portatif  de  chimie  et  de  mineralogie.  Paris  (?),  1824. 
8vo.     111. 

Durand-Fardel,  Le  Bret  et  Lefort. 

Dictionnaire  general  des  eaux  minerales  et  d'hydrologie  medicale. 
Paris,  i860.     2  vols.,  8vo. 

Ebeling,  M. 

Tabelle  der  chemischen  Elemenfe.  8  Tables  100  by  625  cm.  Essen, 
1893. 

Printed  on  linen  with  silk  ribbon  edges. 

Ekeberg,  Anders  Gustaf. 

Forsok  till  svensk  nomenklatur  for  chemien  lampad  efter  de  sednaste 

upptackterne.     Stockholm,  1795.     8vo. 

Encyclopadie  der  Elektrochemie.  Vol.  I.  Carhart,  H.  S.  Primar 

Elemente  (Die)  auf  Grund  der  Erfahrung  dargestellt.  Uebersetzt 

und  erweitert  von  P.  Schoop.     Halle,  1895.     8vo.     111. 

Vol.  II.  Vogel,  F.  Theorie  electrolytischer  Vorgange.  Halle,  1895. 
8vo.     111. 

Vol.  III.  Classen,  Alexander.  Neuerungen  in  der  quantitativen 

Analyse  durch  Elektrolyse.     Halle,  1895.     '^^^-     ̂ • 
Vol.  IV.  ScHOOP,  P.  Secundar-Elemente  (Die),  auf  Grundlage  der 

Erfahrung  dargestellt.  Theil  i  :  Theorie  des  Bleisammlers  und 
Construction  von  Plante-Batterien.  Theil  2  :  Fabrikation  von 

Bleisammlern.     Halle,  1895. 
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Encyclopedie  de  chimie  industrielle  et  de  metallurgie.     Paris, 

1893-97.     i8mo. 
This  Collection  contains  the  following  independent  works  ;  for  full  titles  see 

under  the  authors'  names, 

Bailly,  a.     L'industrie  du  blanchissage. 
BouANT,  E.     La  galvanoplastie. 

Bremond,  F.     Precis  d'hygiene  industrielle. 

Coreil,  F.     L'eau  potable. 
Gain,  Edouard.     Precis  de  chimie  agricole. 
GuiCHARD,  P.    Chimie  du  distillateur. 

Industrie  (L')  de  la  distillation. 
L'eau  dans  l'industrie. 
Microbiologie  du  distillateur. 
Precis  de  chimie  industrielle. 

GuiNOCHET,  Ed.     Les  eaux  d'alimentation. 

Haller,  a.     L'industrie  chimique. 
Halphen,  G.     Couleurs  et  vernis. 

L'industrie  de  la  sonde. 
La  pratique  des  essais  commerciaux  et  industriels. 

Horsin-Deon,  Paul.     Le  sucre  et  l'industrie  sucriere. 

JouLiN,  G.     L'industrie  et  le  commerce  des  tissus. 

Knab,  Louis.     Les  mineraux  utiles  et  I'exploitation. 

Launay,  Louis  de.     L'argent. 
Lefevre,  Julien.     Savons  et  bougies. 

Lejeal,  a.     L'aluminium. 

Petit,  P.     La  biere  et  l'industrie  de  la  brasserie. 
P.ICHE,  A.,  et  G.  Halphen.     Petrole  (Le). 

Trillat,  a.     Les  produits  chimiques  employes  en  medecine. 

Voinesson  de  Lavelines,  H.     Cuirs  et  peaux. 

Weill,  L.,  et  U.  Le  Verrier.     L'or. 
Weise,  Paul.     Le  cuivre. 

Encyclopedie  methodique. 

See  in  Section  V,  Thome  Rodrigues  Sobral. 

Fourcroy,  a.  F.,  Seixas,  Gregorio  Jose  de.     (Bibl.,  p.  51.) 

Taboas  synopticas  de  chimica  su  compendio  de  li9oes  chirnicas  para  as 

Escolas  de  Paris,  publicadas  em  1800,  compostas  em  francez  por 

A.  F.  Fourcroy.  Traduzidas  em  portuguez  e  impressas  por  ordem 

superior.     Lisboa,  1802.     pp.  xi-308. 
Fourtier,  H. 

Dictionnaire  pratique  de  chimie  photographique,  contenant  une  etude 

methodique  des  divers  corps  usites  en  photographic  ;  precede  de 

notions  usuelles  de  chimie  et  suivi  d'une  description  detaillee  des 
manipulations  photographiques.     Paris,  1892,     8vo.     111. 
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Fremy,  Edmonde.     (Bibl.,  p.  52.) 
Encyclopedie  chimique. 

Vol.  IV.       Analyse  qualitative  microchimique  par  Th.  IT.  Behrens 

avec  la  collaboration  de  M.  Bourgeois.     1893. 

Analyse    chimique  ;    methodes    analytiques    appliquees  aux 

substancesagricoles,  par  A.  Miintz.  Paris,  1897.  8vo.  111. 

Vol.  V.     Traitement  des  minerais  auro-argentiferes,  par  E.  Cumenge 
et  E.  Fuchs.    Deuxieme  partie,  Section  11.    Paris,  1892.    8vo. 

Vol.  VII.     Cinquieme  fascicule.      Section   in.      Acides  organiques 

a  fonction  complexe  (Acides  a  six  equivalents  d'  oxygene). 
Par  A.  E.  Bourgoin. 

Vol.  IX.     Deuxieme  section,  deuxieme  fascicule,  deuxieme  partie. 

Chimie  des  liquides  et  des  tissus  de  I'organisme  par  Gamier, 
Lambling  et  Schlagdenhauffen.  [Three  parts.]  Paris, 

1892-95.  Deuxieme  partie.  Livres  v  et  vi.  Liquides 

et  produits  d'  excretion.     Paris,  1896.     8vo. 
Chimie  organique,  deuxieme  section.    Chimie  physiologique^ 

deuxieme  fascicule  :  Chimie  des  liquides  et  des  tissus  de 

I'organisme.     Troisieme  partie,  par  Lambling.     Paris^ 
1897.     8vo. 

Vol.  X.     Applications  de  chimie  organique. 

Analyse  des  matieres  alimentaires  et  recherche  de  leurs  falsi- 
fications, par  C.  Girard  et  A.  Dupre.     1894. 

Gelatines  et  coUes,  par  Paul  Charpentier.     1890. 

Le  papier,  par  P.  Charpentier.     Paris,  1895.     8vo.     111. 
La  conservation  des  substances  alimentaires,  par  Urbain. 

Paris,  1892.     8vo.     111. 

Girard,  Aime. 
See  Barreswil  et  Aime  Girard. 

FOJIOBHH'L,   E    n. 

CjiOBapt  $OTorpa(J)iiqfCKoft  XhmIh  pyccKo-JiaT.-$paHi;y8KO  HiMe«Ko-aHrjiificKift. 

C.-IIeTep6ypri,  1894.  80 
GoLOViN,    E.    p.       Russian-Latin-French-German-English   Dictionary    of 

Photographic  Chemistry.     St.  Petersburg,  1894. 

Gould. 

Illustrated  Dictionary  of  Medicine  and  Allied  Sciences,  including 

Chemistry,  Biology,  Hygiene  etc.  Philadelphia  (1894  ?).  Square 
8vo. 

rpaxoBi. 

BiMeiiKO-pyccKift  Hay^HO-TexHH^ecKlfi  cjOBapL.    C-neTep^ypr-B,  1872, 
Grakhof,   J.      German-Russian   Technical  Dictionary.      St.   Petersburg, 

1872. 
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HandwOrterbuch  (Neues)  der  Chemie.     (Bibl.,  p.  59.) 

This  dictionary  is  still  in  progress. 

Heilbronner,  M.,  und  Pollak,  F. 

Tabellenbuch  der  gesammten  chemischen  Verbindungen.     Ein  Hilfs- 
und    Nachschlagebuch    fiir    Chemiker,    Apotheker,    Aerzte     etc. 

Karlsruhe,  1894.     8vo. 
Cf.  Pollak,  F. 

Hellwig,  L.  Christoph  von.     (Bibl.,  p.  60.) 

Vermehrt  und  verbessertes  neu  eingerichtetes  Lexicon  medico-chymi- 
cum.     .     .     .     Franckfurth  und  Leipzig,  17 18.     i2mo. 

Heret,  L. 
Dictionnaire  des  alterations  et    falsifications    des  substances  alimentaires. 

See  Chevallier,  Alphonse,  et  L.  Baudrimont. 

HOFMANN,  C. 

Chemisch-technisches  Universal-Receptbuch,  enthaltend  das  ganze 
Wissen  der  warmen  und  kalten  Destination,  sowie  die  vollstandige 
Fabrikation  der  dazu  erforderlichen  atherischen  Oele  und  Essen- 

zen,  Tincturen,  Farben  und  Fruchsafte.  Dritte  Auflage.  Berlin, 

1895.     2  vols.,  8vo. 

Hurst,  George  H.     (Bibl.,  p.  62.) 

Dictionary  of  the  Coal  Tar  Colors.  Second  edition,  revised  and  en- 
larged.    London,  1896.     8vo. 

JOHANNESSON,  B. 

Lexikon  der  Malzfabrikation  und  Bierbrauerei.    Berlin,  1884.    8vo.    111. 

Johnson,  Alfred  E. 

Analyst's  (The)  Laboratory  Companion  ;  a  collection  of  tables  and  data 
for  chemists  and  students.     London,  1897.     8vo. 

Second  edition,  London,  1897.     8vo. 

KopeH6jiHT'B,  A. 
HtMeii,KO-pyccKiS  Texna^ecKift  cjioBapt,    MocKsa,  1894-1895, 

KORENBLIT,  A.      German-Russian  Technical  Dictionary.      Moscow,  1894- 
1895. 

Ladenburg,  a.     (Bibl.,  p.  67.) 

Handworterbuch  der  Chemie.  General-Register.  Breslau,  1895.  pp. 
160,  8vo. 

Landolt,  H.,  und  R.  Bornstein.     (Bibl,  p.  67.)  , 

Physikalisch-chemische  Tabellen.  Unter  Mitwirkung  von  E.  Barus, 
Blaschke,  E.  Heilborn  [etc.]  herausgegeben.  Zweite  Auflage. 
Berlin,  1893.     4to. 
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LUEGER,    O. 

Lexicon  der  gesammten  Technik  und  ihrer  Hilfswissenschaften.  Stutt- 
gart, 1895. 

LUNEL. 

Guide  pratique  du  parfumeur.  Dictionnaire  raisonne  des  cosmetiques 

et  parfums,  contenant  la  description  des  substances  employes  en 

parfumerie,  les  alterations  ou  falsifications  qui  peuvent  les  dena- 
turer,  etc.,  les  formules  de  plus  de  500  preparations  cosmetiques, 

huiles  parfumees.     Paris,  18 — .     i6mo. 

LuPTON,  Sidney. 
Numerical  Tables  and  Constants  in  Elementary  Science,  containing 

Tables  on  heat,  light,  sound,  electricity,  chemistry  and  physiog- 
raphy.    London,  .1892.     i6mo. 

Macquer,  Pierre  Joseph.     (Bibl.,  p.  68.) 

Dictionary  (A)  of  Chemistry.  .  .  .  Second  edition,  London,  1777. 

3  vols.,  8vo. 

Hejiobi,  II. 

IIhclmo  K-B  locn.  lUepepy  hjih  npnMiqama  na  co^HHenie  ero:  ̂ Ohhti  Meioft. 
onpeat-i.  xHMH^ecEifi  HaHMeHOBanifi:    C.-HeTepCypri,  •  1808,    80 

NiLOF,  Peter.     Notes  on  the  Chemical  Terminology  proposed  by  Scherer. 
St.  Petersburg,  1808. 

Normandy,  Alphonse  Rene  Le  Mire. 

Dictionary  (The)  to  the  [chemical]  Atlas,  being  a  dictionary  of  simple 

and  compound  substances,  indicating  the  tests  by  which  they  may 

be  identified  ;  and  a  dictionary  of  reagents,  indicating  the  prepara- 
tions for  the  laboratory,  the  means  of  testing  their  purity  and  their 

behaviour  with  substances.  London,  1858.  8vo. 
See  Bibl.,  page  702. 

POLLAK,  Fr. 

Tabellenbuch  der  organisch-chemischen  Verbindungen.  Ein  Hilfs- 
und  Nachschlagebuch  fiir  Chemiker,  Apotheker,  Aertzte,  etc. 
Karlsruhe,  1896. 

Rammelsberg,  Carl  Friedrich.     (Bibl.,  p.  72.) 

Handbuch  der  Mineral-Chemie.  Zweite  Auflage,  zweite  Supplement. 
Leipzig,  1896.     8vo. 

R^ICHARDT,   EdUARD. 

Tabelle  der  Aequivalente  der  einfachen  Korper.  Alphabetisch  nach 

der  chemischen  Zeichen  geordnet  und  mit  den  Namen  derselben  in 

lateinischer,  deutscher,  englischer,  und  franzosischer  Sprache 

versehen,  flir  Pharmaceuten,  Mediciner,  Landwirthe,  Real-  und 
Gewerbschulen.     Jena,  1855.     Fol. 
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PefiHCoTX,  T.  A. 

CJioBapt  HtMeu.KO-pyccKBX'B  TexHH^ecKHX'B  cjioB'L.    C.-HeTepdypr'L,  1885, 
Reinbot,    Th.   A.     German-Russian  Dictionary  of  Technical  Terms.      St. 

Petersburg,  1885. 

E.ENARD,  A. 

Dictionnaire  d'analyse  des  substances  organiques,  industrielles  et  com- 
merciales.     Paris,  1894.     8vo.     111. 

E.ULAND,  Martin.     (Bibl.,  p.  1041.) 

A  Lexicon  of  Alchemy,   or  Alchemical   Dictionary,  containing  a  fall 

and  plain  explanation  of  all  obscure  words,  hermetic  subjects,  and 

arcane  phrases  of  Paracelsus.     By  the  care  and  expense  of  Zacha- 
riah  Palthenus,   bookseller,   in   the  Free   Republic  of   Frankfurt, 

1612.     pp.  viii-466,  4to. 
[Contains]  :      A  Supplement  to  the  Alchemical  Lexicon  of  M.   R., 

containing  the  terms  of  the  philosophers  and  the  veils  of  the  great 

mystery,     pp.  ;^^^-466, 
Privately  printed  for   Messrs.    Elliott   and   Waite,   Temple   Chambers, 

Falcon  Court,  Fleet  St.,  E.  C.     Printed  by  The  Westminster  Press, 

;^^^  Harrow  Road,  London,  W.,  in  1892. 
The  work  was  translated  by  Arthur  Edward  Waite,  and  only  six  copies 

were  printed; 

Santos  e  Silva,  Joaquim  dos.     (Bibl.,  p.  69.) 

Factoren-Tabellen  zur  ausfuhrung  chemischer  Rechnungen  mittels 
der  von  L.  Meyer  und  K.  Seubert  gegebenen  Atomgewichte. 

Braunschweig,  1887. 

ScHRADER,  Hermann. 

Lehrbuch  der  Farbewaaren-Kunde,  enthaltend  :  den  Ursprung  und  die 
Kennzeichen  der  mehr  oder  minder  guten  Beschaffenheit  aller  in 

der  Farberei,  Zeugdruckerei,  und  anderen  technischen  Ktlnsten  und 

Gewerben  anzuwendenden  Farbematerialen,  und  den  dahin  gehori- 
gen  Substanzen,  so  wie  die  Entstehung  und  Bereitung  der  aus  den 

Naturprodukten  gewonnen  Sauren  und  Salze,  welche  in  den  tech- 
nischen Gewerben  iiberhaupt  Anwendung  finden,  Nebst  einem 

Anhange,  die  Erklarung  der  in  der  technischen  Chemie  vorkom- 

menden  Kunstausdriicke  und  die  Anweisung  enthaltend,  den  Saure- 
und  Salzmesser  von  Beaume  etc.,  zu  priifen  und  zweckmassig 

anzuwenden.  Ein  unentbehrliches  Handbuch  fur  Kaufleute,  Han- 
delsbeflissene,  Farber,  Fabrikanten  und  Makler.  In  alphabetischer 

Ordnung  verfasst.     Berlin,  1844.      i2mo. 

SCHRON,  LUDWIG. 

Stochiometrische  Hiilfstafeln.      Hannover,  1846.     8vo. 
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Schwann^  Theodor. 

Tabula  stoechiometrica.     Mit  Erklarung.     Koln,  1858.     Imp.  fol. 

CeBeprHHi.,  Bacnjiit. 

PyKOBOACTBO    Kit  yfl06HMffleMy  paSyMiHiro  XHMH^eCKHX'B   KHHrX   HHOCTpaHHHX'B 

C.-HeTepCypri.  1815.    n^o 
Severgin,  Vasili.  Manual  to  facilitate  the  comprehension  of  foreign 

books  on  Chemistry.     St.  Petersburg,  1815.     i2mo. 

lIo;i;po6H£ift  MHHepaJiorH^ecKifi  cjiOBapB,  co;^epacaI^ia  noflpoOn.  HStflCHenie 

Bcixx  BX  MHHepaJioriH  ynoTpeCniejiLHHX'B  cjobi  h  nasBaniH,  a  TaKse  Bce 

B'L  HayK*  cefiy^HHeHla  HOBefiinia  OTEpnTia.    C.-IIeTep6ypr^,   1807. 
A  detailed  Mineralogical  Dictionary,  containing  an  explanation  of  all  words 

and  names  used  in  mineralogy,  as  well  as  the  discoveries  made  in  this 
science,     St.  Petersburg,  1807.     2  vols.,  4to. 

SiBONi,  Giuseppe. 

Nuovo  progetto  di  nomenclatura  chemica.     (Ployeg  nulik  do  vodaked 

kiemavik.)    Estratto  dal  "  Nunal  Nulik."      Milano,  1891.    Sm.  4to. 
Chemical  nomenclature  in  Volapuk. 

SiDERSKY,  D. 

Constantes  (Les)  physico-chimiques.     Paris,  1897.     i6mo. 
Encyclopedic  scientifique  des  Aides-Memoires. 

SoHN,  Charles  E. 

Dictionary  of  the  Active  Principles  of  Plants,  Alkaloids,  bitter  princi- 
ples, glucosides,  their  sources,  nature,  and  chemical  characteristics, 

with  tabular  summary,  classification  of  reactions,  and  full  botanical 

index.     London,  1894.     Oblong  4to. 

Springmuhl,  Ferdinand. 

Lexikon  der  Farbwaaren-  und  Chemikalienkunde.  Leipzig,  1879-81. 
2  vols.,  8vo. 

XHMH^ecEaa  TepMHHOjioria.    Hocodie  ;tJia  y^amnxca.     EieBt,  1886.  8» 
Stein.    Chemical  Terminology.    A  manual  for  students.    Kief,  i886.    8vo. 

TaMO^EHHi,  Ji;. 

9Hii.HKJioneflB^ecKift  CjioBapL  ocHOBHHxt  XHMH^ecKoe  CBiatnie  0    cocTasjieHie 

HeopraHHqecKHXi.  h  oprannqecKHx^  BemesTBi  bi  npHpoat.    C.-neTepCypri 
1864  80 
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BiCKET,  John  Hugh. 

Obituary.     J.  Chem.  Soc,  London,  lxv,  382.     (1894.) 
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EiRKBF.CK. 

See  Browning,  Hugh  H. 

Elomstrand,  C.  W. 

Klason,  p.  Nekrolog  auf  C.  W.  B.  Ber.  d.  chem.  Ges.,  xxx,  3227. 

(1897.) 

Board,  Gregory. 

Obituary.     J.  Chem.  Soc,  London,  lxviii,  1112.     (1895.) 

Eoerhaave,  Hermann.     (Bibl.,  p.  180.) 

*Versuch  iiber  den  Character  des  grossen  Arztes,  oder  kritische  Le- 
bensbeschreibung,  nebst  einem  Verzeichnisse  der  Boerhaavischen 

Schriften.  Aus  dem  franzosischen  iibersetzt.  Leipzig,  1748. 

pp.  [xxxii]-i6o,  i2mo. 

EOISSAT. 

Debans,  C.     Boissat,  chimiste.     Paris,  1892.     8vo. 

EoLTON,  Henry  Carrington. 

Biography  and  portrait.     Pop.  Sci.  Mon.,  xliii,  688.    (September,  1893.) 

EONSDORFF,  PeHR  AdOLF  VON. 

Nervander,  Johan  Jakob.  Minnestal  ofver  Pehr  Adolf  von  Bons- 
dorff.     [In]  Acta  Soc.  Scient.  fenn.,  1839.     4to. 

Eopo^HH'b  AaeKcaH^p'L  Eop^LipieBH^'B,  ero  ^khshb  h  nepenncKa  1834-87.    C- 
neTep6ypr'B,  1889. 

Borodin,  Alexander  Porphyrievich,  his  life  and  writings,  1834-1887. 
St.  Petersburg,  1889. 

Eorrichius,  Olaus. 

Libellus  de  illustrioribus  scriptoribus  chemicis  praemissa  auctoris  vita 

ab  ipso  conscripta.     Hafnise,  1697,     4to. 

Boussingault,  Jean  Baptiste  Joseph  Dieudonne.     (Bibl.,  p.  182). 

Memoires  (Biographic).     Paris,  1892.     2  vols.,  8vo.     Portrait. 

BOUTET,  J.  F. 
See  Pasteur,  L. 

Boyle,  Robert. 

Sketch  of  R.  B.,  with  portrait.     Pop.  Sci.  Mon.,  xlii,  548.     (February, 
1893.) 

See  i}t  Section  III,  Thorpe,  T.  E. 

Brown,  James  Thomas. 

Obituary.     J.  Chem.  Soc,  London,  lxv,  382.      (1894.) 



48  BIBLIOGRAPHY   OF   CHEMISTRY. 

Browning,  Hugh  H. 

*A  short  historical  account  of  the  Andersonian  Professors  of  Chemistry^ 
and  the  work  they  have  done.  Comprising  John  Anderson,  Thos. 

Garnett,  Birkbeck,  Andrew  Ure,  Thomas  Graham,  William  Greg- 

ory, Frederick  Penney,  Thorpe,  William  Dittmar,  and  G.  G.  Hen- 
derson.    London,  1894.     4to.     Portraits. 

BuTLEROF,  Alexander  Mikhailovitch.     (Bibl.,  p.  185.) 

JIarepMapK'b.    AneKcaHap'B  MaxanjioBH^'B  ByT^epoBi^.  XapBKOB'b. 
Lagermark.       Alexander  Michailovich  Butlerof.     Charcovv,  1887. 

Bi  uaMflTH  A.  K.  ByTJiepoBa.  KaaaHb.    1887. 
In  memory  of  A.  M.  Butlerof.     Addresses  by  Zaytzef,  Kanonnikof,  Melni- 

kof  and  Jacobi,  professors  at  the  University  of  Kazan.      Kazan,  1887. 

Cahours,  Auguste  Thomas. 
Etard,  a.  Notice  sur  la  vie  et  les  travaux  de  A.  T.  C.  Bull.  Soc. 

chim.  [3],  VII,  i-xii.     (November,  1892.) 
Bibliography  and  portrait.  , 

Carriere,  Justus. 
See  Berzelius  und  Liebig,  ihre  Briefe    ... 

Carteighe,  John. 

Obituary.     J.  Chem.  Soc,  London,  lxviii,  1112.     (1895.) 

Cavendish,  Henry. 
See  in  Section  III,  Thorpe,  T.  E. 

Chydenius,  Johan  Jacob. 

HjELT,  Edward.  Minnestal  ofver  Johan  Jacob  Chydenius.  [In]  Acta 
Soc.  Scient.  fenn.,  1891.     4to. 

Clarke,  Francis  Coningsby  Hannam. 

Obituary.     J.  Chem.  Soc,  London,  Lxv,  t^Z^,.     (1894.) 

Colby,  Charles  Edwards. 

BoGERT,  Marston  Taylor.  Obituary.  J.  Am.  Chem.  Soc,  vol.  xx, 

p.  139.     (Feb.,  1898.) 

Combes,  Alphonse. 
Friedel,  Ch.  Notice  sur  la  vie  et  les  travaux  de  A.  C.  Portrait.  BulL 

Soc  chim.,  xvii,  i.     (5  Juin,  1897.) 

Cooke,  Josiah  Parsons. 

Addresses  in  commemoration  of  J.  P.  C.     Delivered  at  the  meeting  of 

the    American    Academy   of   Arts    and    Sciences,    Dec.    12,-  1894, 
Cambridge,  1895. 

Obituary.     Am.  J.  Sci.  [3],  xlviii,  353.     (1894.) 
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Dalton,  John.     (  Bibl.,  p.  191.) 

*  RoscoE,  Henry  E.    John  Dalton  and  the  Rise  of  Modern  Chemistry. 
London  and  Ne\y  York,  1895.  pp.  212,  i2mo.  Portrait  and  fac-simile. 

See  also  in  Section  III,  Roscoe,  Henry  E.,  and  Arthur  Harden. 

Davies,  Robert  Higgins. 

Obituary.     J.  Chem.  Soc,  London,  lxv,  384.     (1894.) 

Davy,  Sir  Humphry. 

*  Thorpe,  T.   E.     Humphry   Davy,  Poet  and  Philosopher.     London, 
1896.      8vo. 

Davy,  S.  W.  M. 

Obituary.     J.  Chem.  Soc,  London,  lxx,  733.     (June,  1896.) 

Deville,  Henri  Sainte-Claire. 
See  Sainte-Claire-Deville,  H. 

Deyeux,  Nicolas. 

Notice  biographique  de  N.  D.  par  A.  Chevallier.     Paris,  n.  d. 

DiTTMAR,  William. 

Obituary.     Chem.  News,  lxv,  117.     (March  4,  1892.) 
See  also  Browning,  Hugh  H. 

Doroshenko,  Alexeya  Semenovich. 

IlaMaiH  kji^YLQ.'^SL  CeMeHOBH^a  ^opomenKO.  BaKy,  1894 
In  memory  of  A.  S,  Doroshenko.     Baku,  1894. 

Drechsel,  Edmund. 

Necrology.     Ber.  d.  chem.  Gas.,  xxx,  2168.     (Oct.,  1897.) 

Dumas,  Jean  Baptiste  Andre. 

XaMMKi  Jean  Baptiste  Andre  Dumas,  bi  XapaEiepHCTHKi  A.  W.  Hofmann. 

HepeBOAHTi  c^  HtMSi^Karo  Hs^aHia  JIioSasHaa,  H.  H.,  C.  -  UcTepCypr'b, 
1885.  80. 

The  chemist  J.  B.  A.  Dumas,  as  characterized  by  A.  W.  Hofmann.  A 

translation  of  A.  W.  Hofmann  :  Zur  Erinnerung  an  Jean  Baptiste 
Andre  Dumas.     Berlin,  1885.      St.  Petersburg,  1885.     8vo. 

Eggertz,  v. 

Om  bergskemiske  prof.     Stockholm,  1889.     8vo. 

Evans,  Philip  Norman. 

Obituary.     J.  Chem.  Soc,  London,  lxviii,  1113.     (1895.) 

Fluckiger,  Friedrich  August. 

Reber,  B.,  und  T.  F.  Hanausek.     F.  A.  F.  sein  Wirken  und  seine  Be- 

deutung  fiir  die  Wissenschaft.     Mit  einem  Nachrufe  und  biogra- 
phischen  Nachtragen.     Genf,  1896.     Roy.  8vo. 

Tschirch,  a.     F.   a.   F.     Eine  biographische    Skizze.     Berlin,    1895. 
Portrait. 
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Foster,  William. 

Obituary.     J.  Chem.  Soc,  London,  lxv.     (1894.) 

Franqueville,  Le  Comte  de. 

Le  premier  siecle  de  I'lnstitut  de  France,  25  Octobre,  1795-25  Octobre, 
1895.     Paris,   1895-96.     2  vols.,  4to.     111. 

Vol.  I  contains  "Notices  biographiques  et  bibliographiques  "  [des  Acade- 
micians]. Unfortunately  the  list  of  works  attached  to  the  name  of  each 

member  does  not  include  articles  published  in  periodicals,  and  the  titles 

are  very  imperfectly  given.  The  1047  names  of  members  are  arranged 
in  order  of  their  election. 

Fremy,  Edmonde. 

Obituary.     Chem.  News,  vol.  lxix,  p.  72.     (Feb.  9,  1894.) 

Deherain,  p.  p.     Edmonde  Fremy,  notice  necrologique.    Avec  liste  de 

ses  ouvrages  et  memoires  publics  de  1834  a  1892.     Paris,    1894. 

4to.     Portrait. 

Publications  de  chimie  generale  (1834-1890).     Nouv.  Archives   Mus. 
Paris,  1890.     8vo. 

Fresenius,  C.  Remigius. 

Obituary.     Chem.  News,  lxxv,  310.     (June  25,  1897.) 

Fristoe,  Edward  T. 

Prentiss,  D.  W.  [Obituary  notice  of  E.  T.  F.]  Bulletin  of  the  Philo- 

sophical Society  of  Washington,  vol.  xii,  pp.  433-496.  Washing- 
ton, March,  1895. 

Gale,  Samuel. 

Obituary.     J.  Chem.  Soc,  London,  lxv,  ̂ S6.     (1894.) 

Galloway,  Robert. 

Obituary.     J.  Chem.  Soc,  London,  lxx,  733.     (June,  1896.) 

Garnett,  Thomas. 
See  Browning,  Hugh  H. 

Genth,  Frederick  Augustus. 

Obituary.     Am.  J.  Sci.  [3],  xlv,  257.     (1893.) 

Glover,  John. 

[Portrait  in]  Die  Chemische  Industrie,  vol.  xvi.     (Sept.,  1893.) 

Graham,  Thomas. 

See  Browning,  Hugh  H. 

Gregory,  William. 

See  Browning,  Hugh  H. 
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Griess,  Peter.     (Bibl.,  p.  205.) 

HoFMANN,  A.  VV.  VON.  ZuF  Erinnerung  an  Peter  Griess.  Berlin, 

1892.     8vo.     Portrait. 

Hare,  Robert. 

Sketch  of  R.  H.  Pop.  Sci.  Mon.,  vol.  xlii,  p.  695.  (Mch.,  1893.) 
Portrait. 

Heaton,  Charles  William. 

Obituary.     J.  Chem.  Soc,  London,  lxv,  ̂ S6.     (1894.) 

Heisch,  Charles. 

Obituary.     J.  Chem.  Soc,  London,  lxi,  489.     (1892.) 

Helmholtz,  Hermann  Ludwig  Ferdinand  von. 

Obituary.     Chem.  News,  vol.  lxx,  p.  146.     (Sept.  21,  1894.) 

Fitzgerald,  George  Francis.     Helmholtz  Memorial  Lecture  [deliv- 
ered January,  1896,  before  the  Chemical  Society].     J.  Chem.  Soc, 

London,  lxx,  885.     (July,  1896.) 

CxojitTOBi.  A.  r.    FejiBMroai^'B  h  coBpeMCHHaa  ^HSHKa.  MocKBa,  1895. 80. 
Stolyetof,  a.  G.    Helmholz  and  modern  Physics.     Moscow,  1895.     8vo. 

Henderson,  G.  G. 

See  Browning,  Hugh  H. 

Hills,  Thomas  Hyde. 

Obituary.     J.  Chem.  Soc,  London,  lxi,  489.     (1892.) 

HoFMANN,  August  Wilhelm  von. 

Abel,  Sir  F.  A.  The  History  of  the  Royal  College  of  Chemistry  and 

Reminiscences  of  Hofmann's  Professorship.  J.  Chem.  Soc,  Lon- 
don, lxx,  580.     (June,  1896.) 

Armstrong,  Henry  E.  Notes  on  Hofmann's  Scientific  Work.  J. 
Chem.  Soc,  London,  lxx,  637.     (June,  1896.) 

Macquenne,  L.  Notice  sur  A.  W.  von  H.  avec  portrait.  Bull.  Soc. 

chim.  [3],  IX,  I.    (Apr.  5,  1893.) 

Obituary.    Chem.  News,  lxv,  237.     (May  13,  1892.) 

Perkin,  W.  H.  The  Origin  of  the  Coal-Tar  Colour  Industry,  and  the 

Contributions  of  Hofmann  and  his  Pupils.  J.  Chem.  Soc,  Lon- 
don, LXX,  596.     (June,  1896.) 

Playfair,  Lord.  Personal  Reminiscences  of  Hofmann  and  of  the 

conditions  which  led  to  the  establishment  of  the  Royal  College  of 

Chemistry  and  his  appointment  as  its  Professor.  J.  Chem.  Soc, 

London,  lxx,  575.     (June,  1896.)     Two  portraits. 
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Hoppe-Seyler,  Felix. 
[Obituary  notice.]     Ber.  d.  chem.  Ges.,  xxvii,  2333.     (Oct.,  1895.) 

Baumann,  E.,  und  A.  Kossel.     [Biographical  sketch  of  F.  H.-S.  with 
bibhography   and   portrait.]     Ber.    d.    chem.   Ges.,    xxviii,    1147. 

(March,  1896.) 

Hoskyns-Abrahall,  John  Leigh. 
Obituary.     J.  Chem.  Soc,  London,  lxi,  486.     (1892.) 

Johnson,  Samuel  William. 
Biographical  Sketch  and  Portrait.     Pop.  Sci.   Mon.,  vol.  xliii,  p.  117. 

(May,  1893.) 

JOLY,  A. 
Howe,  Jas.  Lewis.     Obituary.     Science,  N.  S.,  vol.  vii,  p.  230.     (Feb. 

18,  1898.) 

Joy,  Charles  A. 
Benjamin,  Marcus.     Sketch  of  C.  A.  J.     Portrait.     Pop.  Sci.  Mon., 

xLiii,  405.     (July,  1893.) 

Kekule  von  Stradonitz,  Friedrich  August. 

Japp,  E.  R.     Kekule  Memorial  Lecture  before  the  Chemical  Society  of 

London.     Chem.  News,  vol.  lxxvi,  p.  323.     (Dec.  31,  1897.) 

Obituary.     Chem.  News,  vol.  lxxiv,  p.  60.     (July  31,  1896.) 

Klason,  p. 
See  Blom strand,  C.  W. 

Koene  and  Stas. 

Chemistry  at  Brussels  in  1840-1860.     By  T.  L.  Phipson.     Chem.  News, 
Lxvii,  p.  51.     (Feb.  3,  1893.) 

Kopp,  Charles  Emile. 

Cabot,  S.,  Jr.     [Biographical  Sketch  of]  Charles  Emile  Kopp.     Am. 

Chem.,  vol.  vi,  p.  211.     (Dec,  1875.) 

Kopp,  Hermann. 

Thorpe,  T.  E.     The  Life-Work  of  H.  K.      J.  Chem.  Soc,  London, 
lxiii,  775.     (1893.) 

Contains  a  bibliography  and  portrait  of  H.  K. 

[Abstract  in]  Cliem.  News,  vol.  lxvii,  p.  130.      (Mch.  17, 
1893-) 

Kuhlmann,  C.  F. 

Notice  sur  ses  travaux  scientifiques.     Paris,  1873.     4^°. 

Laugier,  a. 
See  Balknd,  A. 
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Lavoisier,  Antoine  Laurent.     (Bibl.,  p.  216.) 

*Grimaux,  E.     Lavoisier  (i  743-1 794)  d'apres  sa  correspondance  ses 

manuscrits,  ses  papiers  de  famille  et  d'autres  documents  inedits. 
Deuxieme  edition  revue  et  augmentee.     Paris,  1896.     8vo.     111. 

See  also  in  Section  III,  Thorpe,  T.  E. 

KaCayKoBi.     Pa6oTM  JlaByasbe  no  $H3HKt.  MocKBa. 
Kablukof.     The  work  of  Lavoisier  in  Physics.     Moscow,  1894. 

J[k)6emob'b.     JlaBjaate.  IIo  noBO^jy  CToatTia  co  ;^Hia  ero  koh^hhh. 
LiUBiMOF,  N.  A.    Lavoisier.    On  the  occasion  of  the  hundredth  anniversary 

of  his  death  (from  the  "Russkoye  obozryenie  "). 

NoYES,  W.  A.     Lavoisier.     [A  biographical  sketch.]     Presidential  Ad- 
dress.    Proceedings  of  the  Indiana  Academy  of  Science.     1895. 

SeaiiHCKlH,  H.  /t.     SacayrH  JIaByaabe  b'l  odaacTH  XhmIh.  MocKBa,  1894. 
Zelinsky,  N.  D.     The  services  of  Lavoisier  in  the  sphere  of  Chemistry. 

Moscow,  1894. 

Bi.  naMSTB  ^aByasbe.  MocKBa,  1894. 
In   memory   of   Lavoisier.      Addresses    delivered  by  Professors  Zelinsky, 

Kablukof,  and  Sechenof.     Moscow,  1894. 

Leblanc,  Nicolas.     (Bibl.,  p.  216.) 

Scheurer-Kestner.     Nicolas   Leblanc   et  la  soude  artificielle   (Con- 
ference de  la  Societe  chimique  de  Paris).     Paris,  1885.     8vo. 

Extract  from  "  Revue  scientifique,"  March  28,  1885. 

Leibius,  a. 

Obituary.     J.  Chem.  Soc,  London,  lxv,  388.     (1894.) 

Lellman,  Eugen. 

Meyer,  Lothar.  Nekrolog  auf  E.  L.  ;  portrait.  Ber.  d.  chem.  Ges., 

XXVI,  part  IV,  1033.     (1893.) 

LlASKOVSKY,  NiCOLAI  ErASTOVICH. 
HHKOJiaH  EpacTOBMHi.  JlacKoBCKifi.     Biorpa^eqecKOH  O^epRt.  MocKBa. 

LlASKOVSKY,  Nicolai  Erastovich.     A  biographical  sketch.      Moscow, 
1884. 

LiEBiG,  Justus  von.     (Bibl.,  p.  218.) 

Autobiographical  Sketch.  Annual  Report  of  the  Smithsonian  Institu- 
tion, 1893. 

Baeyer,  a.  von.  Liebig's  Verdienste  um  den  Unterricht  in  den 
Naturwissenschaften.     Munchen,  1892. 

Moszeik,  F.  Der  Einfluss  Liebig's  auf  die  landwirthschaftliche  Theo- 
rie  und  Praxis.     Jena,  1896.     8vo. 

Shenstone,  W.  a.  Liebig's  Life  and  Work  (1803  to  1873).  London, 
1895.     i2mo. 
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LiUBIMOF,  N.  A. 

See  Lavoisier,  Antoine  Laurent. 

LuPTON,  Nathaniel  Thomas. 

Obituary.     New  York  Tribune.     June  13,  1894. 

McRoBERTS,  George. 

Obituary.     J.  Chem.  Soc,  London,  lxx,  734.     (June,  1896.) 

Marignac,  Jean  Charles  Galissard  de. 

Ador,  E.     Notice  sur  la  vie  et  les  travaux  de  J.  C.  G.  de  M.     Bull. 

Soc.  chim.,  Paris  [3],  xi,  i.     (1894.)     Portrait. 

Ador,  E.     J.  C.  G.  de  M.,  sein  Leben  und  seine  Werke.     Portrait. 

Ber.  d.  chem.  Ges.,  xxvn,  part  iv,  979.     (1894.) 
Contains  a  bibliography  of  the  publications  of  Marignac. 

Obituary.     Chem.  News,  vol.  lxix,  p.  204.     (Apr.  27,  1894.) 

Mayer,  Alfred  Marshall. 

Stevens,  W.  Le  Conte.  [Biography  and  portrait  of  A.  M.  M.] 

Science,  N.  S.,  vol.  vi,  p.  261.     (Aug.  20,  1897.) 

Mayer,  Ferdinand  F. 

Hoffmann,  Friedrich.  [Biography  of  F.  F.  M.,  with  bibliography  and 

portrait.]  Pharmaceutische  Rundschau,  vol.  xii,  p.  125.  (June, 
1894.) 

MeabHMKOBt,  H.  n. 

Kaxajior'B  KHiir'b  h  ciaTiH  HH^eHHpi-TexHOJiora  H.  11.  MejiBHHKOBa.  1893 
ro^a.  O^ecca. 

Melnikof,   N.   P^     a  catalogue  of  books  and  pamphlets  written  by  the 

Engineer-Technologist,  N.  P.  Melnikof,  to  1893.     Odessa,  1893. 

Mendeleeff,  Dmitri  I. 

See  in  Section  III,  Thorpe,  T.  E. 

Meyer,  Julius  Lothar. 

Hoffmann,  Friedrich.    In  Memoriam.     Pharmaceutische  Rundschau, 

XIII,  119.    (May,  1895.)     Portrait. 

Seubert,  Karl.     [Biographical  sketch  of  J.  L.  M.,  with  bibliography 

and  portrait.]     Ber.  d.  chem.  Ges.,  xxviii,  1109.     (March,  1896.) 

Meyer,  Victor. 

Necrology.     Ber.  d.  chem.  Ges.,  xxx,  2157.     (Oct.,  1897.) 

Obituary.     Chem.  News,  vol.-Lxxvi,  p.  106.     (Aug.  27,  1897.) 
Richardson,  G.  M.     Obituary  of  V.  M.     J.  Am.  Chem.  Soc,  xix,  p. 

918.     (Nov.,  1897.) 

MiTSCHERLICH,  ElLHARDT. 

Biography,   portrait,   and  writings.       See  in .  Section    V,   Mitscherlich,   E. 
Gesammelte  Schriften. 
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MiTSCHERLICH,   ElLHARDT.         (Bibl.,  p.    224.) 

Erinnerung  an  Eilbardt  Mitscherlich  1794-1863.  Berlin,  1894.  Roy. 
8vo.     Portrait. 

Newton,  Isaac. 

RosENBERGER,  FERDINAND.  I.  N.  und  Seine  physikalischen  Principien. 

Ein  Hauptstiick  aus  der  Entwicklungsgeschichte  der  moderner 

Physik.     Leipzig,  1897.     8vo.     111. 

Norton,  Lewis  Mills. 

Drown,  T.  M.  Obituary,  portrait,  and  bibliography.  J.  Am.  Chem. 

Soc,  XV,  241.     (May,  1893.) 

NOYES,  W.  A. 
See  Lavoisier,  A.  L. 

Orosi,  Giuseppe. 

FuNARO,  A.     G.  Orosi  e  le  sue  opere.     Milano  (?),  1880. 

Paracelsus.     [Philippus  Aureolus  Theophrastus  Paracelsus  Bom- 
BASTUS  VON   HOHENHEIM.]       (Bibl.,    p.   228.) 

Barbaglia,  G.  A.     Sulla  vita  e  sulle  opere  di  Paracelso.     Milano,  1875. 

Bibliography  of  the  Paracelsus  Library  of  the  late  E.  Schubert,  M.D., 
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edition,  revised  and  enlarged.     London,  1896.     8vo. 

Kahlbaum,  G.  W.  a.  Theophrastus  Paracelsus.  Vortrag.  Basel, 
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Jubile  de  Louis  Pasteur.     Compte-rendu  de  la  ceremonie  du  27   De- 
cembre,  1892.     Discours.    Addresses.    Telegrammes.     Paris,  1893. 
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Kepler,  Kirchhoff,  Kopernicus,  Laplace,  Lavoisier,  Leuckart,  Liebig, 
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Ernst,  A.     James  Watt  und  die  Grundlagen  des  modernen  Dampf- 
maschinenbaues.     Eine  geschichtliche  Studie.     Berlin,  1896.     8vo. 
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WoRMLEY,  Theodore  George. 

Smith,  Edgar  F.      [Biography  and  bibliography  of  T.  G.  W.]      Por- 
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Beknopte  handleiding  bij  den  aanvang  van  het  onderwijs  in 
de  scheikunde   en   der   practische   oefeningen    in   het 
laboratorium.    Tvveede  vermerderde  druk  van  de  :    Gids 
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beregnet  for  Folkehojskoler.     Horsens,  1862.     8vo. 



SECTION   V. — CHEMISTRY,    PURE   AND   APPLIED.  99 

BOKORNY,   T. 
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Vol   V.     Chemische   Verarbeitung    der    Piianzen-    und    Thierfasem. 

Lieferungen  6-7.     Xeuere  Entwicklung  der  Theerfarben  Industrie. 
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Vol.  VI.     Gruppe  6.     Abtheilung  i.    Industrie  (Die)  der  Explosivstoffe. 
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Neue  Folge  6.     Mineralgerbung  mit  MetaU-Salzen  und  Verbindungen 
aus  diesen  mit  organischen  Substanzen  als  Gerbeniittel.     Von  F. 
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Neue  Folge  7.     Handbuch  der  Soda- Industrie  und  ihrer  Xebenzweige. 

Zweite  volkommen  umgearbeitete  Auflage.      Vol.   I. — Handbuch 

der  Schwefelsaure-Fabrikation,  von  Georg  Lunge.     Braunschweig, 
1S93.     Svo.     111. 

Neue  Folge  9.    Handbuch  der  Soda-Industrie  und  ihrer  X'ebenzweige. 
Vol.  III.     Braunschweig,  1S96.     Svo.     lU. 

Bolley.  P.  A.,  Emil  Kopp,  nnd  R.  Meyer. 

Theerfarbstoffe  (Die).     Seg  BoUey's  Handbuch  der  chemischen  Technologie. 

Bolton,  W.  vox. 

Werthigkeit  (Die)  von  Quecksilber  und  Kupfer  in  Elektrolyten  ver- 
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Boxcev.  G. 

Bichromat  Kalija.     (Revizija  osnih  elementa.)    Agram,  1S93.     Svo.     III. 
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Elektrometallurgie.  Die  Gewinnung  der  Metalle  unter  Vermittlung  des 
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La  composition  des  corps,  d'apres  les  deux  principaux   systemes   qui 
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[Addendum  to  Birch's  edition  of  Boyle's  Complete  Works.]  [Another 
edition.]  Edited  by  T.  Birch.  London,  1772.  6  vols.,  4to.  Por- 
trait. 

Sceptical  Chymist  (The)  :  or  chymico-physical  doubts  and  paradoxes 

touching  the  Spagyrist's  principles  commonly  call'd  hypostatical, 
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r«»iMnni.,  H    K. 

(>  OIIOOOO'^  II.   II.    IIOTpUtia  lliiOJl'lk;\(>Baili41  CiVUIJUIt  ilolUrA    (MIOOOHilOQTIf    VtCN.V 

KOOTtift.     ('    Ilt^TttpAypnu,  IHSH    Ho. 

IIi^J-'MANN,    N.    K.      'VUk-   mrlluul  ol    \.    I'.    I'tiiol    Imi    iIk-  i'suimiuU inn  «>f 

liiluiratiii^;  nih.      St.  I'tMoi^lMir^,  1HS8.     Svit, 

HiM.DF,  D, 

Untersiuhung  (l>ie)  dtr  Sthnuernuttfl  iiml  verwantltrM  I'rodukte  der 
I'rit    ui\d  Na|»l\ta  hulustrit'.      Mtrlin,  iS(>;.     vS\i>.      Ill 

HiM.iilCK,  I'miii'i'  Alois  vhn.     ll»il>l  ,  p.  S40.) 
J.ehrbuch  der  Kanieralchemie.  ZunJlchst  fllr  kaiserliohe  kiinigliche 

tisterreichiarhe  politisehe  Heamte  (Ibevhaiipt  un»l  (lef.^lUljeunite 

ii\!ihesondere,  so  wie  filr  jedt*n  Clfbildttrn,  tlami  als  LriihuUh  I  In 

die  6(t>ntlicht*n  ausserordentlichen  Vurksungen  (iber  Kameral- 

Chemir  an  der  kaiserlii'hen  kcinigbi'hn^  Uni\  r-isitiii  Wien,  i^S^j. 
\  ..1    I     I  luMnUi'hr  Ki\n>er«l\vaareul\uiuli 

Slaatawirthschafts-Chemit?  (Die),  als  Leitfaden  zum  Itrluiir  tier  aiYent- 

lii  hen  \'oiiesungen  tlber  diesen  Ciegenstan*!  an  der  kaiseiHehen 
kimi^luhen  Wiener  Universitat,  und  als  Ihuulbut  h  tllr  kaiserlit ju' 

k(inigbche  aaterreichiache  puHtische  Beamte  ilberhaupt,  ii\v  indus- 

nielle  und  (^lefi^Usbeamte  insbesondere,  mit  Heriieksichtigung  des 
allgemeinei^  iisterreiehisehen  /olltariles  von\  Jahie  iS-pS  untl  ile-i 

Vereins-Zolltarifes  Kir  die  Jahre  1S4J  45      W'ien,  1S44,     Svo.  ' 

HOM-ANI),  J.  W  .      (liihl  .  p    5-|0.) 

The  Ihinc  I' iltli  eililinn       ri\iladelphia,   iSi>(.      1  jnu*.      Ill 

I  loi  I.HAl'U,   Aiuuisi . 

I''abiikatiiiin  (hie)  ties  ( inin*.pans,  nat  h  ilen  in  liankiruh  iiMu  hen  nnd 

den  in  heutsi  hlanil  ansfUhrbave'n  Meiluult-n  Ansliiinliihe  An 
weisung  /nr  liereitung  des  basisehen  wie  des  nentralen  odei 

destillirten  (Iiiinspans,  »)aeh  alien  ilhliihen  oder  noeh  nn^^liehen 

Mrlhiulrn  iii\d  nnl  lieuul-un^  dei  nciu-Nlr-u  l'!i  limliingen  nnd 

\ei  lu'ssei  linden       t^hifdlinlMup,,   iSv'-      ̂ ^v*'. 

1  U>1  I.KMAN,   A.    K, 

Leerbuek  der  organiaehe  t  heinie.     (Irc»ningen,   iSg6.     Svi>.      III. 

Twee  richtingen  der  seheiknndi-  u>ei   elkaar  vergelekrn       lnanguri?ele 
oratie       (lionlnmn,   iS»)^. 

M(M  I.UNIM'K,    lu> 

I'hemisehe  Kaluik  \vc>in»  kir.lentui  tias  l»r>.ii-  uml  niursir  N't.Mtalnen 

gelehrt  wird  Raaig  seluni  mul  ilaiunul  lunm-n  --4  Smmlen  jw 
IxMt'iten        Heilin,    i  >^,vl       >S\  o. 
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Chemists  and  their  wonders.  Story  of  the  aj^plication  of  chemistry  to 

various  arts  and  manufactures.      London,  1895.     Svo. 

Hoi  ZNKK,  GKOR(i. 

Attenuations-Lehre  in  wissenschaftlichen  Berechnungen  und  Tabellen 

fiir  den  praktischen  (iehrauch,  Fiir  Cliihrungstechniker,  iJier-  und 
Branntweinfabrikanten.     Berlin,  1876.     Svo. 

Tahellen  zur  Berechnung  der  Ausbeute  aus  denv  Maize  und  zur  sac- 
charometrischen  r>ieranalyse.    Orltte  Auflage.   Miinchen,  1895.   Svo. 

Hohz  r,  A. 

■8chule  (Die)  des  Klektrochemikers.  Darstellung  der  Clrundsiitze, 

Hilfsmittel  und  Arbeitsverfahren  der  Elektrochemie.  Herausge- 
geben  im  Verein  mit  H.  Vieweger  und  H.  Stapelfeldt.  I<eipzig, 

1896.     Svo.     111. 

Ho.Mi.,  Francis.     (Bibl.,  p.  541.) 

Experiments  on  Bleaching.     Dublin,  177F.     pp.  iv-214,  i2mo. 
To  whicJi  are  added  : 

I.  .\n  Experimental  Essay  on  the  Use  of  Leys  and  Sours 

in  Bleaching.     By  James  Ferguson,     [pp.  215-263.] 
II.  An  Explanation  of  the  Effect  of    Lime  upon  Alkaline 

Salts  ;  and  a  Method  pointed  out  whereby  it  may  be 

used  with  Safety  and  Advantage  in  Bleaching.  By 

Joseph  Black,     [pp.  265-282. J 
III.  An  Abstract  of  the  Foregoing  Essays  containing  :    Prac- 

tical Rules   and    Plain    Directions  for  the   Preparation 

and  Use  of  the  Sours  made  of  Hleaching-ashes  with  the" 
addition  of  Quicklime.       [By    David    Macbride.      j^p. 
283-295.1 

This  is  said  to  be  the  hrst  Knglish  hook  on  blcaL'hing. 

HOOC.EWKRFK,  S. 

'IVjegepaste  scheikunde  vor  den  Ingenicur.  Metalen  en  metalalliages, 
verstoffen,  smeermiddelen,  water  tot  ketelvoeding  en  voor  algemecn 

gebruik.     's  Hage,  1893.     Svo.      111. 

HooKE,  CI. 

Micrographia.      (1665.)      Extracts,  including  the  imi)ortant   chemical 
portions  of  this  notable  work.  Edinburgh,  1894.     8\ o. 

Alembic  Chib  reprint. 

lloolM'R,   E.  (i. 

-Manual  of  Scientific  and  Technical  Brewing,     l-ondon,  1S85.      uuio. 
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Operative    Chemist    (The).      The    Practical   Chemist's    Pocket-Guide. 
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Hoppe-Seyler,  Felix.     (Bibl.,  p.  542.) 

Handbuch    der  physiologisch-    und   pathologisch-chemischen  Analyse 
fiir  Aerzte  und  Studirende.     Sechste,  unter  Mitwirkung  von  H. 

Thierf elder,  neubearbeitete  Auflage.     Berlin,  1893.      8vo. 

PyKOBOACTBo  K-B  *H3io.iioro-HaToaoro-xHMHqecKOMy  anajiHay  ^jin  Bpaqtd 
H  cxyjeHTOBt.     KaaaHb.  1867 

Handbook  of  Physiological-pathologica] -chemical  Analysis,  for  Physicians 
and  Students.     Translation,  with  additions,  and  remarks  by  the  author, 

made  especially  for  the  Russian  edition,  by  A.  J.  Danilevsky.     Kazan, 
1867. 

^HsiojiorH^ecKaH  Xnittia.     MocKsa,  1878—82. 

Physiological   Chemistry.       Translated    from    "  Physiologische    Chemie." 
MoscoM%  1878-82. 

Hoppe-Seyler,  F.,  and  H.  Thierfelder. 
4>H3iojiori!9ecKaa  XnaiiH.     C-neTerOyprt,  1895.  80. 

Physiological    Chemistry,       Translated  from  the  sixth  German  edition  by 
M.  G.  Newser,     St.  Petersburg,  1895. 

HoRA,  Frantisek. 

Technologie.     Ve  Vidni,  1862. 

HoRATius,  Th.     (Bibl,  p.  543.) 
Fabrikation  (Die)  der  Aether  .  .  .  Zweite  neubearbeitete  und 

erAveiterte  Auflage  von  A.  Gaber.     Wien,  1895.     8vo.     111. 

Horn,  D. 

Leerboek  der  scheikunde  voor  Hooger-Burger-scholen  met  3-jarigen 

cursus,  gymnasia,  handelsscholen,  kweekscholen,  enz.  's  Hage, 
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Hornburger,  W.  J. 

Onderzoekingen  in  het  physiologisch  laboratorium  te  Utrecht.  Utrecht, 
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Hornby,  John. 

Gas  Engineers'  (The)  Laboratory  Handbook.     London,  1894. 
Textbook   of  Gas  Manufacture  for  Students.     London,  1896.     i2mo. 

111. 

HoRNiG,  Emil.     (Bibl.,  p.  543.) 

Anfangsgriinde  der  Chemie  fiir  Unter-,  Real-  und  Gewerbe-Schulen. 
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Bibliotheque  scientifique,  industrielle  et  agricole  des  arts  et  metiers. 
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HORWILL,  E.  M. 
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Blackie's  Science  Series. 
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annealing  processes,  the  apparatus  for  Bessemer  process,  etc. 
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1 2  mo. 



220  BIBLIOGRAPHY    OF   CHEMISTRY. 

HUBER,  J. 

Mostbereitung  (Die)  und  Mostbehandlung.  Anleitung  zur  verbesserten 

Fabrikation,  Behandlung  und  Klarung  von  Obstwein.  Aarau, 

1896.     8vo.     III. 

Hubert,  P.     (Bibl.,  p.  545.) 
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cnHpTa  II  BHHa.     C-IIeTepSypr'b,  1862.  12o. 
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riojiaoe   pyKuBO/^CTBO   BHHOKypeHHaro,   iiHBuBapeHHaro  h  Me^^oBapeHuaro 

npoHSBo^CTBO,  HsnoaceHHoe  Bi>  14  jiesqiax'B,  no  pacnopaaceniK)  V.  Mh- 
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SECTION   V. — CHEMISTRY,    PURE   AND   APPLIED.  4OI 

Stumpf,  L.  F. 

De  vorderingen  der  scheikunde  en  hare  toepassing  op  den  landbouw. 
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SuNDviK,  Ernst  Edward. 

Handledning  i  titreranalysen  med  sarskildt  afseende  fastadt  vid  fore- 
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8vo. 
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Tassinari,  P. 
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Petersburg,  i88g.     2  parts.     8vo. 
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neTei)6ypr'i>.  J  894.  80. 
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Einfuhrung  in  die  Grundlehren  der  Chemie.     Langensalza,  1897.    8vo. 
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Observagoes  sobre  um  escripto  intitulado  :   Methodo  pratico  de  puri- 
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Berlin.     4to.     Halle,  1894. 

Bericht  uber  die  Thatigkeit  des  chemischen  Laboratoriums  und  Un- 

tersuchungsamtes  von  Stuttgart  in  den  Jahren  1891  und  1892,  von 

A.  Klinger.     8vo.     Stuttgart,  1895. 

Bericht   uber   die  i.-[i2]  Versammlung   der  freien  Vereinigung 
BAYERISCHER  VeRTRETER  DER  ANGEWANDTEN  ChEMIE  IN  ReGENS- 

BURG.  Herausgegeben  im  Auftrage  des  geschaftsfuhrenden  Aus- 
schusses  von  A.  Hilger,  R.  Kayser,  und  T.  Weigle.  12  vols.,  8vo. 

Wiesbaden,  1883-94. 

Berichte  der  deutschen  chemischen  Gesellschaft.  Generalregister 

iiber  die  Jahrgange  21-29  (1888-1896).  i.  Theil  :  Autorenregister. 
Theil  II:  Sachregister.  Bearbeitet  von  F.  von  Dechend  und  A. 

Reissert.  2  vols.,  8vo.  i  :  pp.  [iv]-5o5  ;  11  :  pp.  1844.  Berlin, 
1898. 

Berichte  der  oesterreichischen  Gesellschaft  zur  Forderung  der 

chemischen  Industrie.     18  vols.,  8vo.     Prag,  18   96. 

Berichte  der  Versuchsstation  fur  Zuckerrohr  in  West  Java. 

Herausgegeben  von  W.  Kruger.     2  nos.,  8vo,     Dresden,  1890-96. 

Berlin.     Deutsche  chemische  Gesellschaft. 

See  Berichte  der  deutschen  chemischen  Gesellschaft. 

Berliner  Milch-Zeitung.  Organ  fiir  Milch-,  Butter-  und  Kase-Han- 

del.    Redakteur  :  Hugo  Muskalla.     16  vols,,  4to.     Berlin,  1879-94. 

BiERE  (La)  et  les  boissons  fermentees.     5  vols.,  4to.     Paris,  1893-97  -f- 

Blatter  fur  Zuckerrubenbau.  Redakteur  :  C.  Hager.  4  vols.,  roy. 

8vo.     Berlin,  1894-97  -j- 

Blankenhorn,  a. 

See  Annalen  der  Oenologie. 

Bley,  Ludwig. 
See  Pharmaceutische  Monatsblatter  :  Archiv  der  Pharmacie. 

BodAnsky,  J.,  und  A.  Horinek. 
See  Prager  Zuckermarkt. 

BORCHERS,  W. 

See  Zeitschrift  fiir  Elektrotechnik.     Also  Jahrbuch  der  Elektrochemie. 
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BOURGUEIL,  M. 

See  Metal  (Le). 

Brandes,  Rudolph. 

See  Pharmaceutische  Monatsblatter  :  Archiv  des  Apotheker-Vereins. 

Branntweinbrenner  (Der).  Populare  Zeitschrift  fiir  die  gesammte 

Brennerei-Gewerbe.  Redigirt  von  G.  M.  Richter.  14  vols.,  4to> 

Bunzlau,  1882-95. 

Brauer-Zeitung.     Hannover-Linden,  1892-94. 

Brautechnische  Rundschau.  Herausgegeben  von  A.  Schwarz.  7  vols.,. 

8vo.     Mahr.-Ostrau,  1889-95  + 

BUCHAT,   Ch. 

See  Union  (L')  pharmaceutique. 

Buletinul  Societatie  de  Scinte  Fisice  (Fisica,  chimia  si  mineralogia) 

din  Bucuresci-Romania.     4  vols.,  sra.  410.     Bucuresci,  1892-95  -\- 

Bulletin  de  l'Association  belge  des  Chimistes.  ii  vols.,  8vo.  Brux- 
elles,  1886-97  + 

Bulletin  de  la  Societe  chimique  de  Paris.  Tables  des  annees  1875 
a  1888  dressees  par  T.  Schneider.     8vo.     Paris,  1894. 

Bulletin  de  la  Society  industrielle  de  Mulhouse.  Recueil  de 

memoires  sur  la  chimie,  la  teinture,  les  procedes  techniques,  etc. 

55  vols.,  8vo.     111.     Mulhouse,  1825-85. 

Bulletin  du  service  de  surveillance  de  la  fabrication  et  du  com- 

merce DES  denrees  alimentaires.     Bruxelles,  1896  -f- 

BULLETINS    OF     THE     DIVISION     OF    CHEMISTRY,     U.     S.     DEPARTMENT    OF 

Agriculture.     Washington,  D.  C.,  1892-98.     (Bibl.,  p.  1090.) 
No  33.  Experiments  with  Sugar  Beets  in  1891  ;  edited  by  H.  W.  Wiley,. 

1892. 

No.  34.  Record  of  Experiments  with  Sorghum  in  1891  ;  edited  by  H. 
W.Wiley.     1894. 

No.  35.  Proceedings  of  the  Ninth  Annual  Convention  of  the  Associa- 
tion of  Official  Agricultural  Chemists.      1892. 

No.  36.  Experiments  with  Sugar  Beets  in  1892  ;  edited  by  H.  W.  Wiley,. 
1893. 

No.  37.  Record  of  Experiments  with  Sorghum  in  1892  ;  edited  by  H. 
W.  Wiley.     1893. 

No.  38.  Proceedings  of  the  Tenth  Annual  Convention  of  Official  Agri- 
cultural Chemists.     1893. 

No.  39.  Experiments  with  Sugar  Beets  in  1893  ;  edited  by  H.  W.  Wiley. 
1894. 
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Bulletins  of  the  Division  of  Chemistry.     [Cont'd.] 
No,  40.  Record  of  Experiments  with  Sorghum  in  1893  ;  edited  by  H. 

W.  Wiley.     1894. 

No.  41.  Report  on  the  Extent  and  Character  of  Food  and  Drug  Adul- 
teration ;  edited  by  Alex.  J.  Wedderburn.     1894. 

No.  42.  Compilation  of  the  Pharmacy  and  Drug  Laws  of  the  Several 

States  and  Territories  ;  edited  by  Alex.  J.  Wedderburn. 
1894. 

No.  43.  Proceedings  of  the  Eleventh  Annual  Convention  of  the  Associ- 
ation of  Official  Agricultural  Chemists.     1894. 

No.  44.  Sweet  Cassava  :  its  Culture,  Properties,  and  Uses  ;  edited  by 
H.  W.  Wiley.     1894. 

No.  45.  Analyses  of  Cereals  Collected  at  the  World's  Columbian  Expo- 
sition ;  edited  by  H.  W.  Wiley.     1895. 

No.  46.  Methods  of  Analysis  Adopted  by  the  Association  of  Official 

Agricultural  Chemists  ;  edited  by  H.  W.  Wiley.     1895. 

No.  47.  Proceedings  of  the  Twelfth  Annual  Convention  of  the  Associa- 
tion of  Official  Agricultural  Chemists.     1896. 

No.  48.  Zinc  in  Evaporated  Apples  ;  edited  by  H.  W.  Wiley.     1896. 

No.  49.  Proceedings  of  the  Thirteenth  Annual  Convention  of  the  Asso- 
ciation of  Official  Agricultural  Chemists.     1897. 

No.  50.  Chemical  Composition  of  Maize  (Indian  Corn)  ;  edited  by  H. 

W.  Wiley.     1898. 

No.  51.  Proceedings  of  the  Fourteenth  Annual  Convention  of  the  Asso- 
ciation of  Official  Agricultural  Chemists.     1898. 

No.  52.  Special  Report  on  the  Beet  Sugar  Industry  in  the  United  States  ; 

edited  by  H.  W.  Wiley.     1898. 

No.  53.  Chemical  Composition  of  the  Carcasses  of  Pigs  ;  edited  by  H. 

W.  Wiley.     1898  (in  press). 

No.  54.  Report  on  the  Investigation  of  Analytical  Methods  for  Distin- 
guishing between  Nitrogen  of  Proteids  and  that  of  the 

Amids  or  Amido-Acids  ;  by  J.  W.  Mallet :  with  an  Appen- 
dix on  the  Separation  of  Flesh  Bases  from  Proteid  Matters 

by  Means  of  Bromin  ;  edited  by  H.  W.  Wiley.     1898. 

Bulletins  of  the  U.  S.  Geological  Survey,  Division  of  Chemistry. 

See  in  Section  V.,  Clarke,  Frank  Wigglesworth. 

Central-Anzeiger.  Each-  und  Haupt-Insertions-Organ  der  gesammten 

Seifen-,  Parfumerie-,  Stearin-,  Margarin-,  Oel-,  Fett-,  Wachswaaren-, 

Mineralol-,  Maschinenol-,  Theer-,  Harz-,  Paraffin-,  Maschinen-  und 

Textil-Industrie,  sowie  der  gesammten  Farben-,  Soda-  und  Po- 

taschen-Industrie  und  deren  Nebenzweige.  Herausgegeben  von 

Alwin  Engelhardt.     4  vols.,  fol.     Leipzig,  1884-87. 
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Central-Anzeiger.      [Cont'd.] 
Contimied  under  the  title  : 

[a]  Centralblatt  der  gesammten  chemischen  Grossindustrie.     Heraus- 
gegeben  von  Alwin  Engelhardt,  redigirt  von  Herman  Kratzer. 

3  vols.,  fol.     Augsburg,  1888-90. 
Conlimied  under  the  title  : 

[b]  Central  Anzeiger.     Insertions-Organ  fur  die  gesammte  chemische 

Gross-Industrie  nebst  deren  Nebenzweigen.    Redacteur  :  Her- 

man Kratzer.     3  vols.,  4to.     Augsburg,  1891-93. 
Continued  under  the  title  : 

[c]  Chemische  Mittheilungen.    Redacteur:   Herman  Kratzer.    3  vols., 

4to.     Augsburg,  1894-96  + 

Central-Anzeiger  fur  die  Deutsche  Brauindustrie.  5  vols.,  fol. 
Frankfurt-am-Oder,  1890-94  + 

Central-Anzeiger  fur  die  Zucker-Industrie  der  Welt.  Redak- 

teur  :  Albert  Rathke's  Verlagsbuchhandlung.  3  vols.,  4to.  Mag- 
deburg, 1892-94. 

Centralblatt  der  gesammten  chemischen  Gross-Industrie.     See  Central-Anzei- 

ger.   ... 

Centralblatt  fur  allgemeine  Gesundheitspflege.  Herausgegeben 

von  Finkelnburg  und  Lent.     16  vols.,  8vo.     Bonn,  1882-97  -|- 
Establistied  in  1872  as  Correspondenz-Blatt  des  niederrheinischen  Vereins 

fi'ir  offentliche  Gesundheitspflege.     10  vols.,  8vo.     Koln,  1872-81. 

Centralblatt  fur  Brauereien,  Malzereien  und  Hopfenbau.  Oester- 

reichische  Ausgabe  des  "AUgemeinen  Anzeigers  fur  Brauereien." 
Redakteur  :  Edmund  Schmidt.     11  vols.,  4to.     1885-95  -j- 

See  Allgemeiner  Anzeiger  fur  Brauereien. 

Centralblatt  fur  Nahrungs-  und  Genussmittel  Chemie,  sowie 
Hygiene.  Herausgeber  und  Redacteur :  B.  A.  Katz.  Gorlitz. 

Vol.  I,  (July)  i895-(June)  1896. 

Centralblatt  fur  die  Zucker-Industrie  der  Welt.  Wochenschrift 

flir  Ruben-  und  Rohrzuckerfabrikation,  sowie  fiir  Landwirthschaft 

und  Handel.  Organ  des  Vereins  der  Zuckertechniker.  Mit  Bei- 

blatt :  Zuckerstatistik  der  hauptsachlichsten  Produktions-  und  Con- 

sumlander  der  Welt.     4  vols.,  4to.     Magdeburg,  1893-96  -{- 

Centralorgan  der  deutschex  Brauer.  —  vols.  Hannover- Linden, 
1892-94. 

XHMaqecKiH  ^ypnaai  HSflan.  sa  1859  h  I860.  Coko.iobi.,  H.  H.  h  9HreaBra- 

PAT-b.  A.    C  -IleTepiiypr'b.  80. 
Chemical  Journal.     Edited  by  Sokolof,  N.  N.,  and  Engelhardt,  A.     2  vols., 

8vo.     St.  Petersburg,  1859-60. 
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Chemisch-okonomisches  Taschenbuch  auf  1804,  1805  .  .  .  1812. 

Herausgegeben  von  Carl  Friedrich  Richter.  9  [?]  vols.  Chem- 

nitz,  1805-13. 

Chemisch-technisches  Correspondenzblatt.  lllustrirte  Zeitschrift 

zur  Popularisirung  und  Nutzbarmachung  praktischer  Resultate  wis- 
senschaftlicher  Forschungen  in  chemischen,  physikalischen  und 

bacteriologischen  Laboratorien.  Redigirt  von  P.  Bambach  und  K. 

Gerich.     2  vols.,  4to.     Wien,  1894-95  + 

Chemisch-technisches  Repertorium  (Jacobson).  General-Register, 

Jahrgang  xxvi-xxx,  1887-91.     Berlin,  1893. 

Chemische  MirxHEiLUNGEN.      See  Central-Anzeiger.    .    .    .    Leipzig. 

Chemische  Revue  uber  die  Fett-  und  Harz-Industrie.  Organ  fiir 

die  Fett-,  Harz-,  Seifen-  und  Mineralol-Industrie,  fiir  die  Fabrika- 
tion  der  Lacke  und  atherischen  Oele.  Redacteur :  J.  Klimont. 

4  vols.,  4to.     Wien,  1894-97  + 

Chemische  Rundschau.  Zeitschrift  fiir  die  gesammte  chemische  Indus- 
trie. Herausgegeben  von  Franz  Peters.  2  vols.  Sm.  fol.  Berlin 

(October),   1896-97  + 

Chemisk-techniske  Fag-  og  Handels-Tidende.  Udgivet  af  Ludvigsens 

Polytechnicum,     2  vols.,  4to.     Kj0benhavn,  1881-82  |I 

Comptes-rendus  du  Congres  international  de  chimie  appliquee, 

organise  par  I'Association  des  Chimistes  de  Sucrerie  et  de  Distil- 
lerie  de  France  et  des  Colonies,  reuni  a  Paris  .  .  .  1895-96. 

Rediges  par  F.  Dupont.     Paris,  1896-97. 

The  report  for  i8g6  is  in  two  volumes .  I.  Industrie  du  Sucre,  de  I'alcool 
et  des  fermentations,  ii.  Industries  agricoles,  chimie  agricole,  analyses 
officielles,  appareils  de  precision.     Paris,  1897.     8vo. 

Correspondenzblatt  des  Vereines  analytischer  Chemiker.  Redi- 

girt von  F.  Eisner.     3  vols.     Magdeburg,  1878-80  || 

Crinon,  C. 
See  Annales  de  chimie  analytique. 

Dansk  Farver-Tidende.  Udgivet  af  Dansk  Farver-Forening,  redigeret 

af  A.  Nordholra.     7  vols.,  8vo.     Kj0benhavn,   1889-95  -[- 

Destillateur  (Der)  und  Liqueur-Fabrikant.  Redakteur  :  Rich,  F. 

Poppe.     8  vols.,  4to.     Leipzig,   1888-95  ~\~ 

Deutsche  (Der)  Bierbrauer.     10  vols.,  fol.     Stuttgart,  1886-95  + 
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Deutsche  Destillateur-Zeitung.  Redakteur  :  Caesar  Lax.  t6  vols., 

fol.     Bunzlau,  1880-95  + 

Deutsche  (Die)  Essig-Industrie.  Wochenschrift  far  das  Gebiet  der 

Alkohol-Essigfabrikation  und  verwandter  Industriezweige.  Her- 

ausgegeben  vom  Institut  fiir  Gahrungsgewerbe  in  Berlin,  Abtheil- 
ung  fiir  Essigfabrikaiion.  Redakteur  :  F.  Rothenbach.  i  vol., 

4to.     Berlin,  1897  -j- 

Deutsche  Spiritus-Zeitung.  —  vols.,  4to.  Kolberg  in  Preussen, 1894  + 

Deutscher  Farber-Kalender.  Herausgegeben  von  A.  Ganswindt. 

3  vols.     Miinchen,  1892-94  -f- 

Deutschlands  Seifen-  und  Fettindustrie.  Redakteur  :  J.  Hamacher. 

7  vols.,  4to.     Trier,  1888-94  4- 

Electrochimie  (L').  L'aluminium  et  ses  alliages.  Revue  des  sciences 

et  de  I'industrie.  A.  Minet,  redacteur-en-chef.  3  vols.  Paris, 
1895-97  + 

Elektrochemische  Zeitschrift.  Organ  fiir  das  Gesammtgebiet  der 

Elektrocbemie,  Elektrometallurgie,  Galvanoplastik  und  Galvano- 
stegie.  Herausgegeben  von  Klobiikow  Sjater^  von  A.  Neuburger]. 

3  vols.,  8vo.     Berlin,  1893-97  -f 

Elsner,  F. 

See  Correspondenzblatt  des  Vereines  analytischer  Chemiker. 

Emmerich,  R.,  Gobel,  K.  [and  others]. 

See  Forschungs-Berichte  liber  Lebensmittel. 

Ephraim,  J. 

See  Index  der  gesammten  chemischen  Litteratur. 

Essig-Industrie  (Die).  Special-Organ  fur  die  Interessen  der  Fabri- 

kation  von  Spirit-  und  Holz-Essig,  Essig-Saure  und  essigsauren 
Salzen.  Herausgegeben  von  J.  Werber.  3  vols.,  8vo.  Wien, 
1893-95  + 

Farben-Zeitung.  Organ  fiir  die  sammtlichen  Fabrikations-  und  Han- 
delsinteressen  der  deutschen  Farben-Industrie,  einschliesslich  der 

Lackfabrikation  und  aller  Hilfs-  und  Nebenindustrieen.  Begriindet 

von  T.  Gampe,  redigirt  von  G.  Springer.  2  vols.,  fol.  Dresden- 

Blasevvitz,  1895-97  -j- 

Fasoli,  G.  B. 

See  Repertorio  italiano  di  chimica  e  di  farmacia. 
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FlNKELNBURG  Und  LeNT. 

See  Centralblatt  fur  allgemeine  Gesundheitspflege. 

Fischer,  B. 
See  Jahresbericht  der  chemischen  Untersuchungsamtes  der  Stadt  Breslau. 

Fleck,  Hugo. 

See  Jahresbericht  der  chemischen  Centralstelle  fur  ofTentliche  Gesundheits- 
pflege zu  Dresden. 

Forschungs-Berichte  uber  Lebensmittel  und  ihre  Beziehungen 

zuR  Hygiene,  uber  forensiche  Chemie  und  Pharmakognosie. 

Herausgegeben  von  R.  Emmerich,  K.  Gobel,  A.  Hilger,  L.  Pfeiffer 

und  R.  Sendtner.     4  vols.     Munchen,  1893-96  -|- 

FORTSCHRITTE    DER    ThEERFARBEN-InDUSTRIE    UND    VERWANDTE  InDUS- 

TRiEZWEiGE,  von  P.  Friedlander.    Theil  i  (1877-87)  ;  11  (1887-90); 

III  (1890-94).     Berlin,  1888-96  + 

Fresenius'  Zeitschrift.      See  Zeitschrift  fur  analytische  Chemie. 

Friedlaender,  p. 

See  Fortschritte  der  Theerfarben-Industrie  und  verwandte  Industriezweige. 

Gampe,  T. 

See  Farben-Zeitung. 

Ganswindt,  a. 
See  Deutscher  Farber-Kalender. 

GiORNALE  Di  FARMACiA.     2  vols.     Trieste,  1896-97  -j- 

GORZ,  J. 
See  Wochentlicher  Marktbericht  fur  die  internalionale  Zuckerhandel. 

Griffith,  R.  E. 

See  Journal  of  the  Philadelphia  College  of  Pharmacy  [a\. 

Hager,  C. 
See  Blatter  fur  Zuckerriibenbau. 

Hager,  H. 
See  Pharmaceutische  Centralhalle. 

Hamacher,  J. 
See  Deutschlands  Seifen-  und  Fettindustrie. 

Hamel-Roos,  p.  van. 
See  Revue  des  falsifications.     Also  Maanblad     .     .     . 

Hefelmann, 

See  Zeitschrift  flir  offentliche  Chemie. 

Helbing,  Erich. 

See  Schweizerische  Bierbrauer-Zeitung. 
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HiLGER,  A.,  R.  Kayser,  und  T.  Weigle. 

See  Bericht  iiber  die  i.  Versammlung  der  freien  Vereinigung  Bayerischer 
Vertreter  der  angewandten  Chemie. 

Hoffmann,  Frederick,  and  Edward  Kremers. 
See  Pharmaceutische  Rundschau. 

Hoffmann,  Karl. 
See  Reiclis-Chemiker-Kalender. 

Hopfen-]\Iarkt  (Der).      See  Allgemeine  Zeitung  fiir  Brauereien. 

Horn,  Walter. 

See  Allgemeine  Braumeister-Zeitung. 

Hyperchimie  (L').  Revue  mensuelle  d'alchimie  et  d'hermetisme 
ET  DE  medecine  spagyrique.  Organe  de  la  Societe  Alchimique 

de  France.  Directeur  :  F.  Jollivet-Castelot.  Redacteur-en-chef  : 

Sedir.     2  vols.,  4to.     Douai  et  Paris,  1895-97  + 

Index  der  gesamiMten  chemischen   Litteratur.     (Wissenschaft  und 

Technologie.)     Herausgegeben  von  J.  Ephraim.     Berlin,  1894. 

Advertised  but  not  published. 

Jahr-  und  Addressenbuch  der  Zuckerfabriken  und  Raffinerien 

Oesterreich-Ungarns.  Herausgegeben  vom  Centralvereine  fiir 

Riibenzucker-Industrie  in  der  Oesterreich-Ungarische  Monarchie, 

redigirt  von  E.  Kutschera.  Campagne,  1893-94.  i2mo.  Wien, 
1893. 

Jahrbuch  der  agrikultur-chemischen  Versuchsstation  der  Land- 
wirthschaftskammer  der  Provinz  Sachsen  zu  Halle  a.  S. 

Herausgegeben  von  Max  Maercker.     Berlin,  1896-97  -\- 

Jahrbuch  der  Chemie.  Bericht  uber  die  wichtigsten  Fortschritte  der 

reinen  und  angewandten  Chemie  ;  unter  Mitwirkung  von  H.  Beck- 
urts  [^and  te?i  other s\  herausgegeben  von  Richard  Meyer.  6  vols., 

8vo.     Braunschweig,  1891-96  -|~ 

Jahrbuch  der  Elektrochemie.  Im  wissenschaftlichen  Theile  bear- 
beitet  von  W.  Nernst  ;  im  technischen  von  W.  Borchers.  Berichte 

iiber  die  Fortschritte  des  Jahres,  1894  [-96].  3  vols.,  8vo.  Halle, 

1895-97  4- 

Jahrbuch  der  organischen  Chemie.  Herausgegeben  von  G.  Minunni. 

Bericht  fur  das  Jahr  i893-[94].  Mit  einem  Vorwort  von  Ernst 

von  Meyer.     8vo.     Leipzig,  1895-96. 
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Jahresbericht  der  chemischen  CeDtralstelle  fiir  offentliclie  Gesundheits- 
pflege  zLi  Dresden.  Herausgegeben  von  Hugo  Fleck.  13  vols., 

8vo.     Dresden,  1872-84  II 

Jahresbericht  des  chemischen  Untersuchiingsamtes  der  Stadt  Breslau 

fur  das  Jahr  1892-93,  erstattet  von  B.   Fischer.     Roy.  8vo.      111. 

*         Breslau,   1893. 

Jahresbericht  uber  die  Fortschritte  in  der  Lehre  von  den  Gahrungs- 

Organismen.  Herausgegeben  von  A.  Koch.  2  vols.  Braun- 

schweig, 1890-91  + 

Jahresbericht  liber  Veroffentlichungen  und  wichtigere  Ereignisse  im 
Gebiete  des  Forstwesens,  der  forstlichen  Botanik,  der  forstlichen 

Zoologie,  der  Agriculturchemie  und  der  Meteorologie.  Herausge- 

geben von  T.  Lorey  und  J.  Lehr.  —  vols,  Frankfurt-am-Main, 
1892-93. 

Jahres-Rundschau  iiber  die  chemische  Industrie  und  deren  wirthschaft- 

liche  Verhaltnisse  fiir  das  Jahr  1893.  Ein  iibersichtlich-geordneter 
Bericht  uber  die  Fortschritte  der  chemischen  Gross-  und  Klein- 

Industrie,  sowie  iiber  analytische  Methoden.  Unter  Mitwirkung 

von  Fachmannern  herausgegeben  von  Adolf  Bender.  Wien,  Pest, 
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Journal  de  pharmacie  et  de  chimie.  Table  generale  des  auteurs  et 

des  memoires  cites  dans  les  tomes  i-xxx  (1880-1894)  de  la  cin- 
quieme  serie.     8vo.     Paris,  1895. 
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1-50  der  neuen  Folge.  (Jahrgang  1870-94.)  Bearbeitet  von  R. 
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C.-neTep6ypr^. 

Journal  of  Medical  Chemistry  and  Pharmacy.     A.  V.  Pel,  editor.     2  vols., 

8vo.     St.  Petersburg,  1892-94. 

Journal  (The)  of  Physical  Chemistry.  Edited  by  W.  E.  Bancroft 
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Cf.  Proceedings  of  the  Chemical  and  Metallurgical  Society. 
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Series.     18  vols.,  8vo.     Philadelphia,  1835-52.  * 
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2  vols.,  8vo.     Philadelphia,  1873-80. 
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See  Chemische  Revue  iiber  die  Fett-Industrie     .     .     . 

Klinger,  a. 

See  Bericht  liber  die  Thatigkeit  des  chemischen  Laboratoriums     . 
von  Stuttgart. 
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KOBUS,  J.  D. 
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LiNTZ,  Eduard. 

See  Seifen-,  Oel-,  und  Fettindustrie. 
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4  vols.     Wien,  1891-94. 
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Peters,  Franz. 
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mehreren  Gelehrten].  Herausgegeben  von  Rudolph  Brandes. 
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Pharmaceutische  Monatsblatter.     [Cont'd.] 
Vol.  X  ivith  the  additional  title  : 

Kritische  Blatter  fur  die  Pharmazie  und  denen  damit  verwandten 
Wissenschaften. 

United  in  1 832    with    Magazin  flir    Pharmacie  und  Experimental-Kritik, 
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[b]  Annalen  der  Pharmacie.     12  vols,  (xl-li),  8vo.      Lemgo  und 
Heidelberg,  1832-34. 
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[c]  Archiv    der    Pharmacie    des    Apotheker-Vereins   in    nordlichen 
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von  Rudolph  Brandes  und  Heinrich  Wackenroder.     52  vols. 

(xiii-LXiv),  8vo.     Lemgo,  1838-50. 
From  Vol.  XVII,  1S39,  with  the  additional  title  : 
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Kremers.     i  vol.,  sm.  4to.     Milwaukee,  1896  -j- 



SECTION  VII.— PERIODICALS.  465 
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Droguisten,  etc.  Organ  des  norddeutschen  Apotheker-Vereins 
und  der  Apotheker-Genossenschaft  im  Grossherzogthum  Baden. 
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[ej  London,   Edinburgh,   and   Dublin  Philosophical   Magazine  and 
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Africa.     Capetown,  1897. 

Cf.  Journal  of  the  Chemical  and  Metallurgical  Society^ 
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Bologna.     Anno  xiv,  8vo.     Ill,     Bologna,  1885. 

Ranwerz,  Fern  and. 
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Hoffmann.     Leipzig,   1895-96. 
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V.    Bergmann,  86  ;    Goguel,  186  ;    Gra- 
ham,   188  ;    Prendel,    341  ;    Serullas, 

381. 
Assaying. 

V.  Barba,  76  ;  Beringer,  87  ;  Berthier, 

89;  Borrichius(i677),  102;  Brown,  109; 

Cramer  (1766),  135;  Dunnington,  150; 

Furman,  176  ;  Koninck,  247  ;  Kurze, 

254;  Lehmann(i76i),  265;  Neues,  310; 

Ricketts,  353  ;  Scheldt,  371  ;  Schreit- 

man  (1578),  375  ;  Wehrle,  431  ; 

Wohlerfahrene,  439. 
Atmosphere. 

III.    Ramsay,  38  ;  Rodwell,  39. 

V.    Archibald,  69  ;  Bartels,  78  ;  Bergey, 

85  ;  Billings,  92  ;  Bioves,  93  ;  Bordier, 

102  ;  Boussingault,  104  ;  Brand,  106  ; 

Cantoni,  118  ;  Cavendish,  121;  Clowes, 

129;  D.,  136;  Ellis,  155;  Fischer, 

165  ;  Flammarion,  166  ;  Giorgi,  184  ; 

Greco,  189;  Griffiths,  190;  Hales, 

198  ;  Henriet,  208  ;  Jeannel,  229  ; 

Jessen,  229  ;  Johnson,  230  ;  Lavoisier, 
262  ;  Lewes,  269  ;  Lewis,  269  ;  Lewy, 

269 ;  Marcuse,  285  ;  Morella,  302  ; 

Panarolo  (1642),  321  ;  Roster,  361  ; 

Scheele,  370  ;  Simonsen,  385  ;  Stop- 

pani,  398  ;  Vogel,  424. 
Atomic  Theory. 

I.    Hinrichs,  6. 

III.  Daubeny,  27  ;  Meyer,  36  ;  Roscoe, 

39  ;  Ton,  42  ;  Wurtz,  44. 

V.  Agrestini,  62  ;  Braun,  107  ;  Choron, 

126;  Dalton,  138;  Delano,  142^ 

Deniges,  143  ;  Girao,  184  ;  Manne- 
quin, 201  ;  Lenoble,  266  ;  Lluch,  274; 

Meier,  290  ;  Meirelles,  291  ;  Meusel, 

294  ;  Mokritzky,  300  ;  Pozzo,  340  ; 

Resteen,  351  ;  Risteen,  355  ;  Silva, 

385  ;  Thomsen,  409  ;  Thomson,  409  ; 

Trevor,  415  ;  Troyanovsky,  417  ; 
Wurtz,  442. 

Atomic  Weights. 
I.   Scott,  9. 

V.  Bersch,  88  ;  Berzelius,  90  ;  Biltz,  93; 

Clarke,  127  ;  Geus,  183  ;  Stas,  394  ; 

Vogel,  424. 

B. 

Beer.     (See  also  Brewing.) 
I,    Katalog,  7. 

III.    Kobert,  33  ;  Nessler,  36. 

V.    Behrend,  82  ;  Bliicher,  96  ;  Fallourd, 

160;   K.,  235  ;    Labarre,   255;    Petit, 

332  ;  Prior,  342  ;  Sammlung,  II,  366  ; 

Vuylsteke,  425  ;  Witt,  438. 
VII.    Biere,  451. 

Bees-Wax. 

V.    Antushevich,    69  ;     Kablukof,    235  ; 

Kudriavtzef,  252  ;  Levy,  268  ;    Lidof, 

270. 
Beet-Sugar  and  Sugar-Beet. 

I.    Barnett,  i. 

III.    Scheibler,  40  ;  Walkhoff,  43. 
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Beet-Sugar  and  Sugar-Beet.    [Cont'd.] 
V,    Bartz,  78  ;    Beaudet,  81  ;    Beetwort- 

suiker,  82  ;  Bunge,  113  ;     McMurtrie, 

280  ;     Pellet,     329  ;     Pyatkof ,     343  ; 

Spencer,  390  ;  Steyden,  397  ;  Terrell, 
405  ;     Tikhomirof,    411  ;     Titarenko, 
412  ;  Zabudsky,  443. 

VII.    Blatter,  451  ;  Bulletin   .   .   .   Agri- 

culture, No.  33 — No.  39,  452  ;    Bulle- 
tin ..   .    Agriculture,    No.    52,    453  ; 

Zeitschrift,  470. 
Benzene. 

V.    Beilstein,  83  ;  Ricliter,  353  ;  Teplof, 

405. 
Biography. 

I.    Poggendorff,  9. 
Bleaching  and  Cleansing. 

V.    Bailly,  74  ;  Brannt,  106  ;  Chevallier, 
125  ;  Duerr,  149  ;  Girtler,  185  ;  Home, 
217  ;  Joclet,  229  ;    Labarraque,    255  ; 
Lachmann,  256. 

Blood. 

V.    Barral,  77  ;  Gamier,  179  ;  Georgen- 
burger,  181  ;  Heller,  206  ;   Neumann, 
310 ;    Parmentier,    325  ;    Rees,    346  ; 

Sechenof,  379  ;  Strahl,  399. 
Blowpipe  Analysis. 

V.  Bergmann,  86  ;  Berzelius,  90  ;  Corn- 
wall, 133  ;  Engestrom,  157  ;  Fletcher, 

167  ;  Griffin,  190  ;  Hare,  202  ;  Kisla- 
kovsky,  240  ;  Klinghorn,  242  ;  Lan- 
dauer,  258  ;  Lundstrom,  278  ;  Moses, 

303  ;  Plattner,  337  ;  Rozzatti,  355  ; 

Smith,  386  ;  System,  402. 
Bones. 

V.    Bertin,  89  ;  Hofflmayr,  214. 
Bread. 

V.    Bersch,  88  ;  Boutroux,  104  ;  Brevans, 

107  ;    Galippe,   177  ;    Gregorio,    189  ; 
Jago,  226  ;    Parmentier,  325  ;    WeUs, 

432. Brewing.     {See  also  Beer.) 
I.  Katalog,  7. 

II.  Johannesson,  17. 
III.  Schwackhofer,  40  ;  Struve,  41. 

V.  Art,  71  ;  Balling.  75  ;  Bedel,  82  ; 
Bendixen,  84 ;  Black,  94  ;  Blake  (1791), 

94  ;  BoUey,  100  ;  Boone,  loi  ;  Booth, 
loi  ;  Brewer,  107  ;  Byrn,  115  ;  Child, 
125  ;   Cooper,    132  ;   Creuzburg,    135  ; 

Durst,  151  ;  Fasbender,  161  ;  Fisher, 

165  ;  Galland,  177  ;  Griessmayer,  190  ; 

Habich,  197  ;  Heiss,  206 ;  Hermb- 
stadt,  209;  Holzner,  217;  Hooper, 
217;  Kieselich,  239;  Krupsky,  251; 

Leyser,  269  ;  Lintner,  272  ;  Matthews, 
288  ;  Michel,  296  ;  Moritz,  302  ; 
Mulder,  305  ;  Pitt,  337  ;  Pooley,  339  ; 

Scamel],  369  ;  Shannon,  382  ;  Southby, 

389  ;  Steele,  394  ;  Stopes,  398  ;  Sykes, 
402  ;  Thaussing,  406;  Thomson,  409  ; 

Tizard,  412  ;  Wendt,  432  ;  Windisch, 

436  ;  Wolff,  440  ;  Wright,  441. 
VII.  Allgemeine,  448  ;  Allgemeiner,  449; 

Annuaire,  450  ;  Bayerisches,  450 ; 

Brauer-Zeitung,  452  ;  Brautechnische, 

452  ;  Central-Anzeiger,  454  ;  Central- 
blatt,  454 ;  Centralorgan,  454 ; 
Deutsche,  455  ;  Schweizerische,  467  ; 
Westdeutsche,  470. 

Butter. 

V.  Baumeister,  80;  Cantoni,  118; 

Ekstrand,  155  ;  Esbach,  158  ;  Hesse, 
210  ;  Klecki,  241  ;  Lang,  259  ;  Muntz, 

306  ;  Neustube,  311  ;  Richmond,  352  ; 
Sartori,  369 ;  Stockhausen,  397  ; 
Violette,  422  ;  Zune,  446. 

C. 

Calcium  Carbide.     {See  Acetylene.) 
Caoutchouc. 

V.    Bobet,  96 ;   Chapel,   123  ;    Delpech, 

143  ;     Hancock,     201  ;    Hoffer,    215  ; 
Liidersdorff,      277  ;      Maurier,      289  ; 

Nissenson,  312  ;  Traun,  415  ;  Morris, 

447. 

Capillarity. 
I.    Lloyd,  7. 

V.    Goldstein,  187  ;  Goppelsroder,  187  ; 
Kazankin,  237. 

Carbohydrates. 
V.    Fischer,  165  ;  Tollens,  413. 

Carbolic  Acid. 
V.    Kohler,  244. 

Carbonic  Acid. 

V.    Black,  93  ;  Kippenberger,  240. 
VII.   Zeitschrift,  470. 

Celluloid. 
V.   Bockmann,  96. 
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Cellulose. 

V.    Cross,  136  ;  Otcherk,  320  ;  Schubert, 

376  ;  Sherebof,  383  ;  Zaliesky,  444. 
Cements. 

V.  Arlorio,  70;  Candlot,  117;  Heath, 

205;  Higgins,  211;  Ivanof,  224; 
Kasteleijn,  237  ;  Kessler,  238  ;  Mack, 
280  ;  Mazzochi,  290  ;  Redgrave,  346  ; 
Schochor,  374  ;  Shulachenko,  384  ; 

Standage,  393  ;  Tanatar,  403. 
Cheese. 

V.  Baumann,  80;  Baumeister,   80  ;  Can- 
toni,  118  ;  Labarre,  255  ;  Sartori,  369. 

Chlorine. 

III.    Khodnef,  32. 

V.    Caro,    119  ;    Davy,    140  ;    Marmier, 

286  ;  Pelet,  328  ;  Shcherglof,  382. 
Chloroform. 

V.    Demont,  143. 
Chlorophyll. 

I.  Marchlewski,  8. 
Chocolate. 

V.    Godos,  186. 
Cider. 

V.    Kramer,    249 ;     Le    Paulmier,    267  ; 
Le     Sourd,    267  ;     Tritschler,     416  ; 

Trowbridge,  416. 
Cinchona. 

V.    Delondre,  143  ;    Ruiz,  363  ;  Thomi, 

408  ;  Vrij,  425. 
Clays. 

V.    Bogorodsky,  98. 
Coal. 

V.    Alexeef,  64  ;  Muck,  304  ;  Stein,  394. 
Coal  Tar  Colors  and  Industry. 

II.  Hurst,  17. 

III.  Caro,  26  ;  Friedlander,  29  ;  Meyer, 

35  ;  Perkin,  37. 
V.    Bolley,  100  ;  Calvet,  116  ;  Casali,  iig  ; 

Dussauce,    151  ;    Grandhotnme,    189  ; 

Knab,   242  ;  Kohler,   244  ;    Reverdin, 

351  ;  Schiff,  371. 
VII.    Fortschritte,  457. 

Copper. 

V.    Bischoff,   93  ;  Defrance,   141  ;  Gibb, 

183  ;  Hixon,  213  ;  Peters,  331  ;  Piggot, 
335  ;  Tschirch,  417;  Weiss,  432. 

Crystallography. 

V.    Hecht,  205  ;   Miiller,  304  ;  Schwarz- 
mann,  378  ;  Topsoe,  413. 

Cyanides. 

V.    Feuerbach,   164. D. 

Dissociation. 

V.    Causse,    121  ;  Doyer,   148  ;    Imbert, 
222  ;  Konovalof,  247  ;  Wijs,  434. 

Distillation  of  Liquors. 
II.  Hofmann,  17. 

III.  Horsin-Deon,  31  ;  Schwarz,  41. 
V.    Anschlltz,  68  ;  Basset,  79  ;  Baudoin, 

79  ;  Bohm,  97  ;  Bolley,  100  ;  Brevans, 
107  ;  Cademan  (1641),  115  ;  Cronquist, 
136  ;  Deiniger,  141  ;  Delannoy,  142  ; 
Dubrunfaut,  149  ;  Duchman,  149  ; 

Duplais,  150  ;  Elsholtz,  155  ;  Feucht- 
v^anger,  163  ;  Flinz,  167  ;  Fuchs,  175  ; 

Gaber,  176  ;  Gascq,  179  ;  Guichard, 

194  ;  Gumbinner,  195  ;  Hausbrand, 

204;  Hofmann,  215;  Il'ish,  222; 
Jacquet,  226  ;  Kittary,  241  ;  Le  Nor- 
mand,  266  ;  Liebig,  270  ;  Maercker, 
280  ;  Malepeyre,  282  ;  Mills,  297  ; 

Moewes,  299  ;  Monzert,  301  ;  Nettle- 
ton,  310  ;  Possanner,  339  ;  Robinet, 
356  ;  Schedel,  370  ;  Schubert,  376  ; 

SchwarzM'aller,  378  ;  Smith,  387  ;  Sorel, 
389 ;  Stammer,  393  ;  Steiner,  395  ; 

Thiele,    407  ;    Valyn,    419 ;    Wodtke, 

439. VII.    Alkohol,  448  ;  Branntweinbrenner, 

452  ;     Destillateur,    455  ;     Deutsche, 

456  ;  Spiritus,  468  ;  Zeitung,  471. 
Dust. 

V.    Arens,  70  ;  Roster,  361. 
Dyeing. 

II.  Schrader,  19. 

III.  Drohojowska,  28  ;  Il'in,  31  ;  San- sone,  40. 

V.  Bancroft,  75  ;  Benoist,  85  ;  Ber- 
thollet,  89  ;  Bird,  93  ;  Blanche,  94  ; 

Crace-Calvert,  135  ;  Delmart,  143  ; 

Depierre,  144 ;  Duerr,  149  ;  Gar- 
9on,  179  ;  Gibson,  183  ;  Haigh,  198  ; 

Hellot,  207  ;  Herzfeld,  209  ;  Herzin- 
ger,  209  ;  Holterhoff,  214  ;  Hummel, 

220  ;  Hurst,  221  ;  Il'in,  222  ;  Jarmain, 
228  ;  Knecht,  243  ;  Lachmann,  256  ; 

Lauber,    261  ;     Lepetit,    267  ;     Love, 
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Dyeing.     [Cont'd.] 
276  ;  Macfarlane,  280  ;  McKernan, 
280  ;  ISIusterbuch,  306  ;  Napier,  307  ; 

Partridge,  325  ;  Pascal,  326  ;  Paul,  326  ; 

Persoz,  331;  Practical,  340;  Pnid'- 
homme,  342  ;  Prufer,  343  ;  Reimann, 

348  ;  Riffault,  354 ;  Rothwell,  361  ; 
Sachse,  365  ;  Sansone,  368  ;  Scherf, 

371  ;  Schrader,  375  ;  Sherry,  383  ; 
Sims,  385  ;  Sivolbof ,  385  ;  Smith,  387  ; 

Stein,  394  ;  Steinbeck,  395  ;  Thiele, 
407  ;  Thomson,  409  ;  Vitalis,  423. 

VII.    Bulletin    .    .     .     Mulhouse,    452  ; 

Dansk,  455  ;  Deutscher,  456  ;  Farben- 
Zeitung,  456  ;  Revue,  467. 

Dyestuffs. 

II.  Hurst,  17  ;  Springmuhl,  20. 
III.  Jaubert,  31. 
V.  Bersch,  88  ;  Bulow,  112  ;  Cazeneuve, 

121  ;  Chevreul,  125 ;  Georgiewics,  181  ; 

Guette,  194 ;  Koch,  244 ;  Lefevre, 
264  ;  Lehne,  265  ;  Leo,  266  ;  Ludwig, 

277  ;  Maury,  283  ;  Nietzki,  312  ;  01a- 
vius,  316 ;  Radenhausen,  344 ;  Re- 
cettes,  346  ;  Reverdin,  351  ;  SchifT, 

371  ;  Schultz,  177  ;  Seyewetz,  382  ; 
Shkatelof,  383  ;  Slater,  386  ;  Tassart, 

404  ;  Thillaye,  407  ;  Torkomian,  414  ; 
Touchy,  414  ;  Voget,  424. 

E. 

Educational. 

V.    Arendt,  70  ;  Lossen,  276  ;  Moscati, 

303. 
VII.    Vierteljahresbericht,  469. 

Egyptian  Chemistry  and  Pharmacy. 

III.    Berthelot,   23  ;  Loret,  34  ;    Smith, 

41. 
Electricity. 

III.    Hoppe,  31  ;  Priestley,  38. 
V.    Haussermann,     198  ;     Minet,     297  ; 

Moissan,  300  ;  Strer,  400. 
VII.    Almanach,  449. 

Electro-Chemistry. 

I.  Elektrotechnische,  5  ;  Leiner,  7  ;  Os- 
terberg,  8  ;  Weg%veiser,  11. 

II.  Encyclopadie,  14. 
III.  Oettel,  36  ;  Ostwald,  36. 
V.  Ahrens,  62  ;  Becker,  81  ;  Berrueta, 

88  ;  Bolton,  100  ;  Bonna,  loi  ;  Borel, 

102;  Bruinsma,  no;  Carhart,  118; 

Cassel,  120 ;  Chalmers,  122  ;  Cioni 

(1805),  127  ;  Classen,  127  ;  Davy,  140  ; 
Foregger,  169 ;  Freudenberg,  173  ; 

Graffigny,  188  ;  Holzt,  217  ;  Jahn,  226; 

Kawalki,  237  ;  Kriiger,  251  ;  Le 
Blanc,  263  ;  Le  Verrier,  268  ;  Lob, 

274 ;  Liipke,  277  ;  Marianini,  285  ; 
Minet,  297  ;  Moog,  301  ;  Oettel,  315  ; 

Ostwald,  31S  ;  Pacchiani,  320;  Rigol- 
lot,  355  ;  Ruolz,  364  ;  Smith,  387  ; 

Sperk,  391  ;  Vergnes,  420 ;  Vogel, 

424. 
VII.  Almanach,  449  ;  Bericht,  451  ; 

Electrochimie,  456 ;  Elektrochemische, 

456  ;  Jahrbuch,  458  ;  Kalender,  460  ; 
Zeitschrift,  471. 

Electro-Metallurgy. 

V.  Balling,  75  ;  Borchers,  loi  ;  Bouant, 

103  ;  Brandely,  105  ;  Brunei,  no  ; 
Brunor,  in  ;  Eisner,  155  ;  Fardely, 

160  ;  Ferrini,  163  ;  Hanle,  197  ;  Ja- 

cobi,  225  ;  Kempe,  238  ;  Langbein, 

259  ;  M'Millan,  280  ;  Maigne,  281  ; 
Minet,  297  ;  Neumann,  310  ;  Peters, 
331  ;  Pfanhauser,  332  ;  Richter,  353  ; 

Roseleur,  359  ;  Seelhorst,  379  ;  Stein- 
ach,  395  ;  Taucher,  404 ;  Urquhart, 
418  ;  Watt,  429  ;  Weiss,  431. 

Engineering  Chemistry. 

V.  Blount,  95  ;  Chimie,  126  ;  Craddock, 
135  ;  Durand,  151  ;  Stillman,  397. 

Ethers. 
V.    Kronser,  251. 

Explosives.     {See  also  Gunpowder.) 

I.  Gerrare,  5  ;   Heckel,  6  ;  Munroe,  8. 
II.  Cundill,  14. 

III.  Chalon,  26  ;  Gintl,   29 ;    Romocki, 

39- 

V.  Berthelot,  89  ;  Bockmann,  97  ;  Bolley, 

100;  Brouardel,  109;  Carulla,  119; 
Castner,  121  ;  Chalon,  122  ;  Chauvin, 

124 ;  Coralys,  132 ;  Crociani,  135  ; 

Cronquist,  136 ;  Daniel,  139 ;  Ditt- 
mar,  146;  Eissler,  154;  Foster,  170; 
Frankenstein,  171  ;  Frigerio,  174  ; 

Gody,  186  ;  Guttmann,  196  ;  Hapke, 
197  ;  Haussermann,  198  ;  Heckel,  205  ; 
Heltzof,  207  ;  Herlant,  209  ;  Kotikof, 

24S  ;     Krause,     250 ;     Lanfrey,    258  ; 
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Explosives.     [Cont'd.] 
Lewes,  269  ;  Machado,  280  ;  Majendie, 

281  ;  Maquet,  284 ;  Maudry,  289 ; 
Modern,  299  ;  Molina,  300  ;  Munroe, 
305  ;  Nordenstrom,  313  ;  Panpushko, 

321;  R.,  344;  Roussel,  362;  Salvati, 
366  ;  Sandmann,  367  ;  Sanford,  367  ; 

Sarrau,  568 ;  Serullas,  381  ;  Shula- 
chenko,  383 ;  Williams,  435  ;  Wisser, 

438. 
VII.    Memorial,  461. 

Expositions,  Chemistry  at. 

Berlin  :  Berliner,  23  ;  Pinner,  37. 

Budapest :    Liebermann,  270. 

Chicago  :  Candiani,  25  ;  Chicago,  26  ; 
Schwackhofer,  40  ;  Witt,  43. 

•Geneva  :']2i.v^i^x\.^  31. 
Milan  :  Esposizione,  28  ;  Relazioni,  38. 

Paris  :  Chalon,  26  ;  Chapel,  26  ;  Dam- 

sky,  27 ;  Hallopeau,  30  ;  Horsin- 
Deon,  31  ;  Jungfleisch,  32  ;  Kittary,  33; 

Lequin,  33  ;  Newberry,  36  ;  Rotondi, 

39  ;  Bunge,  113  ;  Chalon,  122  ;  De- 
pierre,  144;  Nicot,  311  ;  Proces,  342. 

St.  Petersburg :  Kittary,   241. 
Vienna  :  Beilstein,  23  ;  Biedermann, 

24  ;  Frank,  29  ;  Gabba,  29  ;  Gintl, 

29  ;  Gurlt,  30  ;  Lieben,  34  ;  Marcker, 

35  ;  Nessler,  36  ;  Philipp,  37  ;  Scheib- 
ler,  40  ;  Schulze,  40  ;  Schwarz,  41. 

F, 

Fats  and  Oils.     {See  Oils  and  Fats.) 
Fermentation. 

I.    Claveau,  27. 

V.  Bignone,  92  ;  Bourquelot,  104  ;  Buch- 
ner,  iii  ;  Cavazza,  121  ;  Chapuis,  123  ; 
Coelho,  130;  Duval,  152;  Gamier, 

179  ;  Griinhut,  192  ;  Guichard,  194  ; 
Gviillaud,  195  ;  Harz,  204 ;  Ivanovsky, 

224  ;  Jorgensen,  230 ;  Karsten,  236  ; 

Klotzsch,  242  ;  Mayer,  290 ;  Men- 
carelli,  291  ;  Nordmann,  313  ;  Orsoni, 

317  ;  P.,  320  ;  Pennington,  329  ;  Perez, 
330  ;  Schiitzenberger,  376  \  Smith 

{1729),  387  ;  Stipriaan,  397 ;  Traube, 
415  ;  Trouessart,  416  ;  Ziegler,  445. 

VII.    Jahresbericht,  459. 

Fertilizers. 

V.  Bedel,  82;  Caille,  116;  Deherain, 

141  ;  Elenkovsky,  155  ;  Hofflinger, 

215  ;  Larbaletrier,  260  ;  L'Hote,  269  ; 
Maslenikof,  288  ;  Muntz,  306  ;  Phos- 

phorichnaya,  334 ;  Rossel,  360 ; 
Rlimpler,  363  ;  S.,  364 ;  Wolff,  440. 

Fluorin  and  Fluorids. 
III.    Swarts,  42. 

V.  Meslans,  294  ;  Nordenskiold,  313  ; 
Poulenc,  340. 

Foods.  {See  also  Adulteration  of Foods.) 

III.  Bourdeau,  25  ;  Trillich,  43. 

V.  Atwater,  73  ;  Baccioni,  74  ;  Balland, 

75  ;  Bertoncelli,  89  ;  Bibliothek,  91  ; 

Blyth,  96  ;  Bronner,  109  ;  Brum,  110  ; 
Bujard,  112;  Chicote,  125;  Durre, 

149 ;  Ephraim,  157  ;  Falke,  160  ; 
Fournier,  170  ;  Gilli,  184  ;  Goldstein, 

187;  Gorini,  187;  Hanausek,  201; 

Hassall,  204  ;  Henck,  207  ;  Jurgen- 

sen,  234  ;  Kaemmerer,  235  ;  Kanon- 
nikof,  236  ;  Kittary,  241  ;  Kjellgren, 
241  ;  Klencke,  242  ;  Konig,  245  ; 

Koller,  246  ;  Langhans,  259  ;  Lan- 
kester,  260  ;  Leuchs,  268  ;  Mace,  280  ; 

Mansfeld,  284  ;  Miiller,  304  ;  Parmen- 
tier,  323  ;  Pearmain,  328  ;  Pott,  340  ; 

Reich,  347  ;  Reichardt,  347  ;  Robin- 
son, 356  ;  Rottger,  357  ;  Rupp,  364  ; 

Sage,  365  ;  Snijders,  388  ;  Soler,  388  ; 
Squillier,  392  ;  Stokvis,  398  ;  Stutzer, 
401  ;  Thomson,  409  ;  Vereinbarungen, 
420  ;  Villain,  422  ;  Voelcker,  423  ; 
Vorschriften,  425  ;  Wagner,  427  ; 
Wurzburg,  442. 

VII.  Bulletin  .  .  .  denrees,  452  ;  Bul- 
letins .  .  .  Agriculture,  Nos.  41,  44, 

45.  48,  53,  453  ;  Centralblatt,  454  ; 
Rundschau,  467  ;  Zeitschrift,  471. 

Fuels. 

V.  Durre,  149  ;  Fischer,  164 ;  Fischer, 
165  ;  Fritzsche,  174  ;  Gill,  183  ; 
Miklashevsky,  296  ;  Molinari,  300  ; 

Phillips,  333  ;  Schwackhofer,  378  ; 
Strott,  400  ;  Zabudsky,  443. 
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Gallium. 

V.    Lecoq  de  Boisbaudran,  263. 
Gas  Chemistry  and  Gas  Analysis. 

III.'  Stolyetof,  41. 
V.  Alexeef,  64 ;  Boedeker,  97  ;  Boye, 

104  ;  Brown,  109  ;  Bunge,  113  ;  Bun- 
sen,  113  ;  Butterfield,  115  ;  Coqnillon, 
132  ;  Corvinus,  133  ;  Dixon,  147  ; 

Faraday,  160  ;  Fernquist,  162  ;  Gas- 
belzsningen,  179  ;  Gay  Lussac,  181  ; 
Gill,  183  ;  Helier,  206  ;  Heltzof,  207  ; 

Humboldt,  220  ;  Koch,  244  ;  Leybold, 

269  ;  Lunge,  279  ;  Mallard,  282  ;  Men- 
deleeff,  292  ;  Meyer,  295  ;  New- 
brigging,  311  ;  Perkins,  330  ;  Pfeiffer, 
333  ;  Stackmann,  397  ;  Villard,  422  ; 
Watson,  429  ;  Winkler,  437. 

VII.  Zeitschrift,  470. 

Gas,  Illuminating. 

V.  Aldini,  63  ;  Bolley,  99  ;  Galy,  178  ; 
Geitel,  181  ;  Hess,  210  ;  Hornby,  218  ; 

Lamansky,  257  ;  Landolt,  258  ;  Levy, 
268  ;  Molchanovsky,  300 ;  Monteil, 
301  ;  Montserrat,  301  ;  Quaglio,  343  ; 

Schaar,  370  ;  Schilling,  371  ;  Sommer, 

389  ;  Strache,  399 ;  Windfeld,  436. 
Glass. 

III.    Schebek,  40  ;  Schulte,  40. 

V.    Appert,  69  ;  Artigues,  72  ;  Blancour 

(1690),  94  ;  Bontemps,  loi  ;  Carrigan, 
153  ;     Diakonof,     145  ;    Ebert,     152  ; 
Fischer,    165  ;    Flamm,    166  ;  Garner, 

182  ;   Gessner,  182  ;  Handiquet,  204  ; 

Henrivaux,    208  ;    Howitz,  219  ;  Lax- 
man,  263  ;  Leng,  266  ;  Lobneyr,  274  ; 

Neri  (1662),  309  ;  Nesbitt,  309  ;  Peli- 
got,  328  ;  Peterson,  332  ;  Powell,  340  ; 
Sawzay,  369. 

Glucosides. 

II.    Sohn,  20. 

V.    BocquiUon,      96  ;      Rayman,     345  ; 
Shatzky,  382. 

Glue,  Gelatin,  etc. 

V.    Davidowsky,  139  ;  Standage,  393. 
Glycerine. 

V.    Demarquay,  143  ;  Prunier,  343. 
Glycol. 

V.    Dremole,  144. 

Gold. 

V.  Cumenge,  136 ;  Eissler,  154  ;  Gau- 
tier,  180 ;  Kirmis,  240  ;  Kovaynko, 

249  ;  La  Coux,  256  ;  O'Driscoll,  314  ; 
Parle,  322  ;  Phillips,  333  ;  Rose,  359  ;. 

Ryland,    364 ;    Scoffern,    378  ;    Weill, 

431. 

Guano. 
V.    Nesbit,  309. 

Gunpowder.     (See  also  Explosives  ancT 
Saltpeter.) 

I.    Gerrare,  5. 

III.    Romocki,  39. 

V.    Castner,  121  ;  Serullas,  381  ;  Smith,. 

387  ;  Walke,  427  ;  Wardell,  429. 
VII.    Memorial,  461. 

Guttapercha. 

V.    Brass,  106  ;    Chapel,    123  ;    Hoffer,. 215- 
H. 

History  of  Alchemy. 

III.  Bauer,  23  ;  Bolton,  24  ;  Cap,  25  ; 

Dibbits,  27  ;  Foord,  29  ;   Hoghelande, 

31  ;  Jollivet-Castelot,  32  ;  Kiesewetter, 
32  ;  Luanco,  34  ;  Luzi,  34  ;  Malfatti, 

35  ;  Muir,  36  ;  Schultze,  40  ;  Thomp- son, 42. 

VII.    Hyperchimie  (L'),  458. 
History  of  Chemistry. 

III.  Accettello,  22  ;  Afzelius,  22  ;  Bar- 
baglia,  22  ;  Berthelot,  23  ;  Bolton,  24;. 

Brugnatelli,  25  ;  Burnay,  25  ;  Butlerof, 

25  ;  Caldwell,  25  ;  Fabrini,  28  ;  Fla- 
vitzky,  29  ;  Hoefer,  31;  Hoffmann,  31; 

Huttemin,  31  ;  Ipatief,  31 ;  Kahl- 
baum,  32  ;  Khotinsky,  32  ;  Meyer,  35; 

Morgenroth,  36  ;  Muir,  36  ;  Perrini, 

37  ;  Peyrusson,  37  ;  Reyher,  38  ;  Ros- 
ter, 39  ;  Russkoe,  39  ;  Saucerotte,  40^ 

Savchenkof,  40  ;  Schorlemmer,  40  ; 

Seaman,  41  ;  Silvestrini,  41  ;  Soave^ 

41;  Thorpe,  42;  Tjaden-Moddermann,. 
42  ;  Trouessart,  43 ;  Venable,  43  ; 

Wickel,  43  ;  Winkler,  43  ;  Wurtz,  44. 
V.    Bergmann,    86  ;     Blomstrand,     95  ; 

Laurillard,   262. 
Honey. 

V.  Depaire,  144  ;  Karsch,  236  ;  Villaret, 

422. 
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Hydrogen. 

V.    Espitallier,    158  ;     Lachinof,     256  ; 
Morley,  302. 

Hydrosulfuric  Acid. 

V.    Salazar,  366. 
I. 

India-Rubber.     {See  Caoutchouc.) 
Indigo. 

V.    Lee,  264. 
Inks. 

V.    Haldat  du  Lys,    198  ;    Klinge,  242  ; 

Leonhard,   267  ;    Loos,    275  ;    Rodri- 

•     gues,  356. 
Inuline. 

I.    Bay,  2. 
lODIN. 

V.    Hippert,  212. 
Iron  and  Iron  Analysis  ;  also  Steel. 

III.    Beck,  23  ;  Swank,  42. 

V.  Allen,  65  ;  Analyses,  66  ;  Arnold, 

71  ;  Aupee,  73  ;  Bergmann,  86  ;  Blair, 

94  ;  Carnot,  119  ;  Dessoye,  145  ;  Flac- 
hat,  166  ;  Gottig,  188  ;  Gruner,  192  ; 
Helson,  207  ;  Hiorns,  212  ;  Howe, 

219  ;  Joynson,  233  ;  Juptner,  233  ; 
JuUien,  234;  Karsten,  236;  Knab,  243; 

Landis,  258  ;  Lindauer,  271  ;  Mois- 
san,  300  ;  Thurston,  410  ;  Toldt,  412; 
Troilius,  416  ;  Turner,  417  ;  Valerius, 

419  ;  Walter,  429  ;  Wedding,  430  ; 

West,  432  ;  Whitwell,  433  ;  Zabud- 
sky,  443  ;  Zoppetti,  446. 

Isomerism. 

V.    Finger,    162  ;     Markovnikof,    286  ; 
Schaum,  370  ;  Zelinsky,  445. 

K. 

Keramics.     {See  also  Glass.) 

V.    Boury,   104  ;    Brogniart,   108  ;    Lan- 
genbeck,  259. 

Laboratories. 

III.    Abel,  22  ;  Alexeef,  22  ;   Chandler, 

26  ;     Copponay  (1684),  27  ;    Ferreira, 
28  ;    Kosegarten,   33  ;    Kotchube,  33  ; 
Lusson,  34  ;  Paterno,  37. 

VII.    Memorandum,  461. 

Lead. 

V.    Eissler,  154  ;    Gruner,   192  ;    Hixon, 
213  ;  Hofman,  215  ;  Rumpelt,  363. 

Lead  Acetate. 

V.    Bussenius,  114. 

Lead,  White. 
III.    Faure,  28. 
V.    Trommsdorff,  416. 

Leather. 

V.    Jean,  228  ;  Kittary,  240  ;  Rylof,  364; 
Voinesson,  425  ;   Watt,  429. 

Legal  Chemistry.  {See  also  Toxicology 
««^  Adulteration  of  Foods.) 

V.    Briand,  108  ;  Brouardel,  109  ;  Chou- 
lette,  126;  Dragendorff,  148;  Ferreira, 
162  ;  Frijda,   174  ;    Giustiniani,    185  ; 

Kippenberger,    240  ;     Legrand,    265  ; 

Ludwig,  277  ;    Pandolfini,  321  ;    Pie- 
szczek,    335  ;     Reese,    346  ;     Remer, 

349  ;  Reveil,  351  ;  Sonnenschein,  389; 

Taylor,  404  ;  Tschirch,  417  ;    Unver- 
hau,  418. 

VII.    Forschungsberichte,  457. 
Lime. 

V.    Grange,  189  ;  Heath,  205  ;  Higgins, 
211  ;  Meyer,  294  ;  Neznaeff,  311. 

Literature,  Chemical. 
I.    Bolton,  3  ;  Bunge,  3. 

Lithium. 

V.    Bogdanof,  98. 
Lubricants. 

V.  Andes,  67  ;  Brannt,  106  ;  Brunner^ 
III  ;  Grossmann,  191  ;  Hofmann,  216; 

Holde,  216  ;  Kiinkler,  252  ;  Laman- 

sky,  257  ;  Martens,  287  ;  Petrof,  332  ;; 
Raineri,  344  ;  Rossmassler,  361  ; 
Schroder,  375  ;  Soobshchenie,  389. 

M, 

Madder. 

V.    Clouet,  129. 
Matches. 

III.    Chapoy,  26  ;  Gintl,  29. 

V.    Jettel,  229  ;  Kellner,   238  ;  Poggiale, 
338  ;  Probst,  342  ;  Roussel,  362. 

Medical  Chemistry. 

V.  Arena,  70  ;  Baker,  75  ;  Bartley,  78  ; 
Bechamp,  81  ;  Cardilucius  (1676),  118  ; 

Cassidy,     120  ;    Cassola,    120  ;    Caze- 
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Medical  Chemistry.     [Cont'd.] 
neuve,  121  ;  Chase,  124;  Drivon,  148  ; 

Engel,  156 ;  Garnier,  179  ;  Gaspari, 

179  ;  Hager,  198  ;  Hahn,  198  ;  Heller, 

206  ;  Ihring,  221  ;  Jacquin,  226  ;  Ko- 
bert,  243  ;  Kurs,  254  ;  Legrand,  265  ; 
Ludwig,  276 ;  Luff,  278  ;  Matveef, 

289  ;  Maugham,  289  ;  Oldberg,  316  ; 

Orfila,  317  ;  Phillips,  333  ;  Plevano, 
338  ;  Pollacci,  339  ;  Primavera,  341  ; 
Rand,  345  ;  Ransan,  345  ;  Salle,  366  ; 

Sokolof,  388  ;  Sonnie,  389  ;  Speer, 

390  ;  Symonds,  402  ;  T.,  402  ;  Taddei, 
402  ;  Thorns,  408  ;  Thudichum,  410  ; 

Tourdes,  414  ;  Veron,  421  ;  Witthaus, 

438. VII.    Zhurnal,  459  ;  Remedes,  466. 
Metallurgy. 

I.  Alphabetischer,  i  ;  Bibliotheca,  2  ; 
Katalog,  7. 

II.  Encyclopedie,  15. 

III.  Buchner,  25  ;  Gurlt,  30 ;  Hallo- 

peau,  30  ;  Jtiptner,  32. 
V.  Austen,  73  ;  Barjona,  77  ;  Barstow, 

78  ;  Beckert,  81  ;  Bergenstierne,  85  ; 

Camara,  116  ;  Campredon,  117  ;  Castel- 
nau,  121  ;  Defiance,  141  ;  Eissler, 

154  ;  Fayan,  161  ;  Fiedler,  164  ;  Glau- 
ber, 185  ;  Gruner,  192  ;  Harrison,  203  ; 

Hiorns,  212  ;  Hixon,  213  ;  Hiitte,  220  ; 
Kerl,  238  ;  Knab,  243  ;  Kunhardt, 

251  ;  Lang,  259  ;  Launay,  261  ;  Lede- 
bur,  263  ;  Le  Verrier,  268  ;  Lindauer, 
271  ;  Linkenbach,  272  ;  Lord,  275  ; 

Mitchell,  298  ;  Phillips,  333  ;  Post, 
340  ;  Scherer,  370  ;  Schnabel,  373  ; 

Steger,  394  ;  Wilson,  436. 
VII.    Journal,  459. 

Metals. 

v..  Brannt,  106;  Buchner,  112;  Ditte, 

146 ;  Fischer,  166 ;  Fulhame,  175  ; 

Lejeal,  265  ;  Maigne,  281  ;  Quillard, 
344  ;  Scoff ern,  378  ;  Slavyanof,  386  ; 
Theophilus,  406  ;  Varet,  419. 

VII.    Metal,  461. 
Milk. 

V.  Adriance,  62  ;  Aikman,  62  ;  Bau- 
meister,  80  ;  Bohr,  98  ;  Borsieri,  102  ; 

Bunge,  112  ;  Cantoni,  118  ;  Cornevin, 
133  ;    Craandijk,    135  ;    Esbach,    158  ; 

Fleischmann,  167  ;  Frohwein,  174  ; 

Gerber,  182  ;  Gerson,  182  ;  Hansen, 

201;  Heller,  206;  Hillmann,  211; 

Jordis,  233 ;  Lance,  257  ;  Langlois, 
260  ;  Leffmann,  264  ;  Lohe,  275  ;  Miil- 

ler,  304  ;  Nardil,  307  ;  Nisius,  312  ; 

Parmentier,  325  ;  Rouvier,  362  ;  Sar- 
tori,  369  ;  Siedel,  384  ;  Snyder,  388  ; 

Sommerfeld,  389  ;  Soxhlet,  390  ;  Sten- 

berg,  395  ;  Vevey,  421  ;  Vieth,  422; 

Wing,  437  ;  Wychgram,  442  ;  Zehenter, 

444. 

VII.    Berliner,  451. 

Mineral  Waters.     (See  also  Water.) 

I.  Carrere,  3  ;  Dalton,  4  ;  Lopes    (Por- 

tugal), 8. 
II.  Durand,  14. 

V.    Almeida  Beja,  65  ;  Almeida  Pimenta, 

65  ;  Almen,  65  ;  Alves,  66  ;  Analyses, 
66  ;  Andria  (1775),  68  ;  Auban,  73  ; 

Barzellotti,  78  ;  Bastiani,  79  ;  Battini, 

79  ;  Bergmann,  86  ;  Bertazzi,  88  ;  Ber- 
tin,  89  ;  Bertrand,  90  ;  Biasi,  91  ; 

Booth,  loi  ;  Boudant,  103  ;  Buona- 
mici,  114;  Burg,  114;  Callond,  116; 
Castiglioni,  121  ;  Chandelon,  123  ; 

Chauvet,  124  ;  Civiale,  127  ;  Conso- 
lini,  132  ;  Conte,  132  ;  Costa,  134  ; 

Cunha,  136  ;  Deane  (1626),  140  ;  Des- 
brets,  144  ;  Di  Donato,  145  ;  Di  Mo- 

naco, 145  ;  Du  Menil,  150  ;  Egasse, 

153  ;  Fasoli,  161  ;  Ferretti,  163  ;  Fil- 
hol,  164 ;  Forno,  169 ;  Franz,  171  ; 

Fresenius,  172  ;  Ganderax,  178  ;  Go- 

mes, 187  ;  Hager,  198  ;  Hammarsten, 
200  ;  Hirsch,  212  ;  Jacquot,  226  ; 

James,  227  ;  Keil,  237  ;  Kernot,  238  ; 
Labarthe,  255  ;  Lang,  259  ;  Lansberg, 

260  ;  Lavielle,  262  ;  Leao,  263  ;  Le- 

grand, 265  ;  Lemos,  266  ;  Lepierre, 
267  ;  Longcharap,  275  ;  Lopes,  275  ; 

Louren9o,  276  ;  Mancuso,  283  ;  Mig- 
lietta,  296  ;  Morner,  299  ;  Monard, 

301  ;  Moreira,  302  ;  Neumann,  310  ; 

Nunes,  314  ;  Pagano,  320  ;  Pasanisi, 
326  ;  Paterno,  326  ;  Pereira,  329  ; 

Pfeiffer,  333  ;  Pimentel,  336  ;  Pinto, 
336  ;  Pouillet,  340  ;  Priestley,  340  ; 

Raspe,  345  ;  Ricci,  352  ;  Rodrigues, 
356  ;    Rosemann,    360  ;    Santi,    368  ; 
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Santos,  368  ;  Savaresse,  369  ;  Silva, 

384  ;  Souza  Pinto,  390  ;  Targioni, 

403  ;  Tioli,  411  ;  Treadwell,  415  ; 

Valois,  419  ;  Wilson,  436  ;  Withering, 

438. 
MiNERALOGICAL  CHEMISTRY. 

V.  Brauns,  107  ;  Henkel,  208  ;  Hen- 

niger,  208  ;  Ilinrichs,  212  ;  Kobell, 

243  ;  Monteiro,  301  ;  Pisani,  337  ; 

Reis,  348  ;  Scopoli,  379  ;  Vogelmann, 

424  ;  Zopf,  446. 
Mining. 

I.  Aigner,  i  ;  Catalogue  of  Freiberg 

Mining  School,  i  ;  Bibliotheca,  2  ; 

Katalog,  7. 

V.    Andrada,   68  ;  Knab,    243  ;    Pereira, 

329  ;  Swedenborg,  402  ;  Thome,  408. 

Molecules.     {See  Atomic  Theory.) 

N. 

Naphthalin. 

V,    Tauber,  402. 
Nickel. 

V.    Badoureau,  74. 

Nitric  Acid. 

V,    Kast,  237. 
Nitrogen. 

V.    Bordier,  102  ;  Borodin,  102  ;  Zulzer, 

446. 
Nomenclature. 

II.  Coelho,  14 ;  Ekeberg,  14  ;  Nilof, 

18  ;  Siboni,  20  ;  Stein,  20  ;  Vieira,  21. 

HI.  ott,  37. 

V.  Bussy,  114  ;  Pye,  343  ;  Souza  Pinto, 

390. 

O. 

Oils  and  Fats. 

V.  Andes,  67  ;  Bazarof,  81  ;  Benedikt, 

84;  Brannt,  106;  Brunner,  iii  ;  Ca- 
zin,  121  ;  Chevreul,  125  ;  Fajans,  160  ; 

Gambari,  178  ;  Halperin,  199  ;  Ittner, 

224 ;  Jean,  229  ;  Kraut,  250 ;  Kur- 
batof,  253  ;  Manjarres,  2S4  ;  Neustube, 

311  ;  Oliviero,  316  ;  Pavlovsky,  327  ; 

Teyxeira,  406. 

VII.  Chemische  Revue,  455  ;  Seifen, 

468. 

Opium. 

V.    Held,  206  ;  Pfendler,  333  ;   Prunier, 

343. 

Oxygen. 

III.    Discovery,  28  ;  Lvoff,  35. 

V.    Delano,    142  ;    Hare,    202  ;    Morley, 

302  ;  Morozo,  303  ;  Robin,  356  ;  Vinci, 

422. 

Ozokerite. 

V.    Berlinerblau,  87. 

Ozone. 

V.  Andreoli,  68  ;  Dall'  Oppio,  137  ; 

De'  Colli,  140;  Delano,  142;  Floderus, 
167  ;  Lissauer,  273  ;  Marie,  285  ;  Ruda, 

362  ;  Schone,  374  ;  Strumbio,  400. 

Paper. 

V.    Charpentier,  123  ;  Griffin,  190  ;  Herz- 
berg,   209  ;  Little,    273  ;  Pallas,    321  ; 
Rudel,  362.  . 

Paraffin. 

V.    Bolley,  100  ;  Schrader,  375. 

VII.    Zeitschrift,  471. 

Perfumery. 

II.  Lunel,  18. 

V.  Askinson,  72  ;  Blondel,  95  ;  Boliey,. 

99  ;  Chimie  du  gout,  126  ;  Christian!, 
126  ;  Cooley,  132  ;  Deite,  141  ; 

Durvelle,  151  ;  Dussance,  151  ;  From- 

berg,  175  ;  Hauer,  204  ;  Labarre,  255  ;. 

Lillie,  271  ;  Martinson,  287  ;  Mierzin- 

sky,  296  ;  Piesse,  335  ;  Pozzi,  340 ;: 

Pradal,  341  ;  Rimmel,  355  ;  Sawers» 

369. Periodic  Lavs^. 

I.    Venable,   10. 
III.  Venable,  43. 

V.    Beketof,  83  ;  Belar,  83  ;  Mendeleeff, 

293  ;  Souza,  389  ;  Sperber,  391. 
Petroleum. 

I.    Gulishambarof,  6. 

V.  Aisinmann,  63  ;  Anleitung,  68  ; 

Barbot,  76  ;  Bolley,  100  ;  Bossung, 

103  ;  Boyd,  104  ;  Brannt,  106  ;  Burg- 
mann,  114;  Damsky,  138;  Delahaye, 

142  ;  Dengler,  143  ;  Deutsch,  145  ; 

Dolinin,  147  ;  Dommer,  147  ;  Gankin, 

1 78  ;  Gulichambarof,  195  ;  Hirelz, 

213;    Kolchugin,   245;    Krause,    250; 
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Kyle,  254  ;  Leet,  264  ;  Lisenko, 

272  ;  Lobry,  274  ;  Markovnikof,  286  ; 

Mendeleeff,  2g2  ;  Miron,  2g8  ;  Moli- 

nari,  300  ;  Obzor,  314 ;  Petroleum, 

332  ;  Possanner,  339  ;  Redwood,  346  ; 

Riche,  352  ;  Rossmassler,  361  ; 

Schaar,  370  ;  Scheithauer,  371  ;  Semen- 

of,  381  ;  Sravnitsivnui,  392  ;  Stepanof, 

396  ;  Stoppelaar,  398  ;  Ukhlinskaya, 

418  ;  Veith,  420  ;  Wischin,  437  ; 

Zapiska,  444  ;  Zusatztafel,  446. 
VII.     Zeitschrift,  471. 

Pharmaceutical  Chemistry. 

I.  Dorveaux,  4  ;   Hoffmann,  6. 

II.  Cesaris,  13. 

V.  Artault,  71  ;  Artus,  72  ;  Beckurts, 

81  ;  Belohoubek,  84  ;  Biechele,  92  ; 
Christensen,  126;  Dorvault,  148; 

Fluckiger,  168;  Goebel,  186;  Harrop, 

203  ;  Heiberg,  205  ; ,  Hugurt,  220  ; 

Jammes,  227  ;  Kurzes,  254  ;  Maly,  282  ; 

Mamone,  282  ;  Melichar,  291  ;  Nencki, 

308  ;  Oldberg,  316  ;  Paris,  322  ;  Par- 

mentier,  323  ;  Plugge,  338  ;  Pollacci, 

339  ;  Porati,  339  ;  Rescigno,  350  ; 

Schmidt,  373  ;  Spica,  391  ;  Wulling, 

442. VII.    Forschungsberichte,  457, 
Pharmacy. 

III.  Abu  Mansur,  22  ;  Bonnet,  24  ; 

Boriani,  24  ;  Ehlers,  28  ;  Stoeder,  41. 

V.  Cheylud,  125  ;  Dupuy,  151  ;  Fluck- 

iger, 168  ;  Hartwich,  203  ;  Jandous, 

228  ;  Lloyd,  273  ;  Meyer,  294  ; 

Schlickum,  372  ;  Staeder,  392  ;  Trapp, 

414  ;  Wefers,  430  ;  Wild,  435. 

VII.  Annalen,  449  ;  Annales,  450 ; 

Bulletin,  No.  42,  453  ;  Giornale,  457  ; 

Journal,  459  ;  Zhurnal,  459  ;  Journal, 

460  ;  Nederlandsch,  462  ;  Pharmaceu- 
tical, 463  ;  Pharmaceutische,  463  ; 

Repertoire,  466  ;  Repertorio,  466  ; 

Revista,  467  ;  Schweizerische,  467  ; 

Union,  469. 

Phenols. 

V.  Ballistero,  75  ;  Barral,  77  ;  Ville, 

422. 
Philosophy,  Chemical,    f^",?.?  Theoretical 

Chemistry.) 

Phosphates  and  Phosphides. 

V.  Analyses,  66  ;  Anzimirof,  69  ;  Barille, 

77  ;  Bosel,  102  ;  Deckers,  140  ; 

Dimitrief,  146  ;  Engelhardt,  156  ; 

Ermolof,  157  ;  Goltschke,  186  ; 

Graham,  188  ;  Hubert,  220  ;  Kuznet- 

zof,  254  ;  Levat,  268  ;  Liubansky,  273  ; 

Millar,  296  ;  Nastyukof,  307 ;  Olny, 

317  ;  Firsof,  334  ;  Schucht,  376  ; 

Stoklasa,  398  ;  Storch,  399  ;  Uhl- 
mann,  418  ;  Vogel,  424  ;  Wiesner,  434  ; 
Wright,  441. 

Phosphorus. 

V.    Arnaud,  71  ;  Bemmelen,  84  ;  Fleck, 

166;  Hofflmayr,  214;  Kutwich,  242; 

Poggiale,  338  ;  Repetto,  350. 
Photochemistry. 

V.    Bunsen,       113  ;      Liesegang,      271  ; 

Niewenglowski,  312  ;  Vogel,  424. 

Photographic  Chemistry. 

IT.  Fourtier,  15  ;  Golovin,  16  ;  Tchegof, 21. 

III.    Mercier,  35. 

V.  Berthier,  89  ;  Grebe,  189  ;  Hard- 
wich,  202  ;  Hertzka,  209 ;  Kleffle, 

241  ;  Lainer,  257  ;  Liesegang,  271  ; 

Markl,  286  ;  Maumene,  289  ;  Namias, 

307  ;  Olkhin,  316. 
Physical  Chemistry. 

III.    Nernst,  36. 

V.  Arzruni,  72  ;  Deventer,  145  ;  Gor- 

batof,  187;  Graham,  188;  Griesbach, 

190  ;  Groshans,  191  ;  Keychler,  238  ; 

Liubavin,  273  ;  Ostwald,  318  ;  Petters- 
son,  332  ;  Speyers,  391. 

Physics. 

III.  Gerland,  29  ;  Hoefer,  31  ;  Lu- 

bimof,  34 ;  Poggendorff,  37  ;  Rosen- 
berger,  39  ;  Saigey,  40. 

V.    Ostwald,  318. 

VII.    Tidsskrift,    469  ;    Vierteljahresbe- richte,  469. 

Physiological  Chemistry. 

V.  Arthus,  72  ;  Beugnies,  91  ;  Biblio- 

thek,  91  ;  Bunge,  112  ;  Byasson,  115  ; 

Chabrie,  122  ;  Cominelli,  131  ;  Eind- 

hoven, 154;  Gamgee,  178;  Garnier, 

179;  Gautier,  180;  Hall,  199;  Halli- 
burton, 199  ;  Ilammersten,  200  ; 

Hoffmann,  215  ;    Hoppe-Seyler,  218  ; 
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Physiological  Chemistry.  [Cont'd.] 
Hornburger,  218  ;  Hugounenq,  220  ; 

Jollivet,  232  ;  Mandel,  283  ;  Moles- 

chott,  300  ;  Morohovetz,  303  ;  Neu- 

meister,  311  ;  Olsen,  317  ;  Pauchon, 

326  ;  Pavy,  327  ;  Salkowski,  366  ; 

Scheffer,  370  ;  Schumacher,  377  ; 

Schweninger,  378  ;  Seiri,  380  ;  Shcher- 

bakof,  382  ;  Slosse,  386  ;  Steiner,  395; 

Waller,  428. 

Pigments. 

V.    Terry,  405. 
Plant  Chemistry  and  Plant  Analysis. 

V.  Arata,  69  ;  Berlin,  87  ;  Burgos,  114; 

Cartheuser  (1754),  119;  Eberhardt, 

153;  Eijckman,  154;  Erdman,  157; 

Hales,  198  ;  Husemann,  221  ;  Karsten, 

236  ;  Laurie,  262  ;  Le  Docte,  263  ; 

Manni,  284 ;  Muller,  304  ;  Okatof, 

316  ;  Parmentier,  324  ;  Peckolt,  328  ; 

Saussure,  369. 
Platinum. 

I.    Claus,  4  ;  Howe,  6. 

III.    Philipp,  37. 

V.    Claus,  128  ;    Matthey,  289  ;    Pigeon, 

335  ;  Sickingen,  384  ;    Versuche,  421. 

Poisons.     {See  Toxicology.) 
Potash. 

III.    Kralic,  33  ;  Przibilla,  38. 

V,    Collot,     131  ;     Pesier,     331  ;     Sage, 

365. 
Propylamine. 

V.    Da  Costa,  137. 
Protein. 

V.    Brittner,  108  ;   Hoffman,  215. 
Ptomaines. 

V.    ?'arquharsen,   160  ;    Jolin,  232  ;    Re- 
lazione,   348  ;     Sarles,   368  ;    Shatzky, 

382  ;  Silva  Casto,  385. 
Pyrazol. 

V.    Cohn,  130. 
Pyrotechny. 

V.  Audot,  73  ;  Biringucci  (1559),  93  ; 

Browne,  109  ;  Davidson,  139  ;  Eschen- 

bacher,  158  ;  Frey,  173  ;  Gram,  188  ; 

Guldberg,  195  ;  Leblanc,  263  ;  Loden, 

274  ;  Meyer,  295  ;  Morel,  302  ;  Noeser, 

307  ;  Pirker,  337  ;  Ruggieri,  363  ; 

Schroka,  375  ;  Tessier,  406  ;  Vergni- 

aud,  421  ;    Websky,  430. 

R. 

Reactions. 

V.    Altschul,  66 ;    Dunnenberger,    149 ; 

Nechaeff,  308  ;  Schneller,  374  ;  Umof, 

418. 

Reagents. 

I.    Wilder,  II. 

V.  Dunnenberger,  149 ;  Jean,  228  ; 

Kosenblit,  248  ;  Krauch,  240  ;  Schnel- 

ler, 374  ;    Schultz,  377  ;    Stahlberger, 

393. 

Rontgen  Rays. 
I.    Phillips,  9. 

Russia,  Chemistry  in. 

I.  Alexeef,  i  ;  Bunge,  3  ;  Catalog,  4  ; 

Eremeef,  5  ;  Petrof,  8  ;  Ukazatel,  10; 
Zverintzef,  11. 

II.  Andreef,  12  ;  Golovin,  16  ;  Grakhof, 

16  ;  Korenblit,  17  ;  Reinbot,  19. 

III.  Bobynin.  24;  Lyaskovsky,  34; 

Lvoff,  35  ;  Markovnikof,  35. 

V.   Kittary,   241  ;   Klau,  241  ;  Krupsky, 

251  ;  Mendeleeff,  292. 
Ruthenium. 

V.    Claus,  128. 

Saccharine. 
V.    Schmitt,  373. 

Salt,  Common. 

V.  Botelho,  103;  Brunsnitzyn,  in; 

Fedchenko,  161  ;  Nikilinsky,  312  ; 

Otcherk,  319  ;  Vandelli,  419  ;  Vigenere 

(1622),  422  ;  Woldike,  439. 

Saltpeter.  (See  a/so  Gu'stowder.) 
V.  Chaloner  (1584),  122  ;  Egerstrom, 

153  ;  Khodnef,  239  ;  Kretovich,  250  ; 

Lorrain,  276  ;  Polakowsky,  338  ;  Saint 

Upery,  365  ;  Saltpeters,  366  ;  Sever- 
gin,    382  ;     Weber,    430  ;    Zabudsky, 

443. 
VII.    Memorial,  461. 

Sanitary    Chemistry.      (Disinfection, ETC.) 

II.    Blyth,  12. 

V.  Aikman,  62  ;  Bouchard,  103  ;  Bre- 

mond,  107  ;  Fleck,  166  ;  Fliigge,  168; 

Fodor,  168  ;  Fox,  170  ;  Frankland, 

171  ;  Gautier,  180;  Goldschmidt,  187; 
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Sanitary  Chemistry.     [Cont'd.] 
Hirt^  212  ;  Kimmins,  239  ;  Kingzett, 

2-10  ;  Lewitzky,  26g  ;  Marvaud,  288  ; 

Parmentier,  325  ;  Polin.  339  ;  Rafter, 

344  ;  Rideal,  354  ;  Sansom,  368  ; 

Slater,  386  ;  Stevenson,  396  ;  Wardle, 

429. 
VII.    Centralblatt,  454 ;    Jahresbericht, 

459  ;  Mittheilungen,  462  ;  Zeitschrift, 

471. Silicates. 

V.    Clarke,  127. 

Silver. 

V.    Eissler,   154  ;     Gautier,   180 ;     Lau- 

nay,  261, 
Soap  and  Candles. 

V.  Baudoin,  79  ;  Bidierre,  91  ;  Bolley, 

99  ;  Carpenter,  119 ;  Decross,  141  ; 

Deite,  141  ;  Dorge,  147  ;  Ekman,  155  ; 

Freeland,  172  ;  Gadd,  176  ;  Gathmann, 

180;  Glahn,  185  ;  Hauer.  204;  Julia- 

Fontenelle,  234  ;  Labarre,  255  ;  Lar- 

baletrier,  260  ;  Larue,  260  ;  Laurens, 

261  ;  Lefevre,  264  ;  Lorme,  275  ;  Man- 

gold, 283  ;  Marazza,  284  ;  Martin, 

287  ;  Moride,  302  ;  Ott,  320  ;  Perutz, 

331  ;  Turgan,  417  ;  Witt,  438. 

VII.    Deutschlands,  456  ;  Seifen,  468. 
Soda. 

V.    Forni,    169  ;    Halphen,    199  ;    Hip- 

pert,   212  ;    Leuchs,   268  ;    Nikilinsky, 

312. Solution  and  Solubility. 

II.    Comey,  14. 

V.  Alexeef,  64  ;  Arrenius,  71  ;  Flavitzky, 

166;  Gadolin,  177;  Horstmann,  219; 

Jakovin,  227  ;  Kablukof,  235  ;  Kur- 

nakof,  253  ;  Ostwald,  318  ;  Schenck, 

371  ;  Schlamp,  372  ;  Tanatar,  403  ; 

Timofeef,  411  ;  Whetham,  433. 
Sorghum. 

V.  Collier,  130;  Ilerve,  209;  Kovalev- 

sky,  249  ;  Stewart,  396. 

VII.    Bulletins   .    .    .    Agriculture,    No. 

34,  452,  and 'No.  40,  453. Specific  Gravity. 

II.    Bottger,  13. 

'    V.    Bauer,    79 ;    Makarof,     281  ;    Men- 
deleeff,    293  ;    Meyer,  294  ;    Semenof, 

381  ;  Turbaba,  417. 

Spectrum  Analysis. 
III.    Menshutkin,  35. 

V.    Bunge,    113;   Eber,    153;    Gramont, 

188  ;  Grebe,  189  ;  Kirchhoff,  240  ;  Lan- 

dauer,    258  ;    Lapraik,    260  ;    Walter, 
428  ;  Zenger,  445. 

Starch. 

V.  Bergmann,  86  ;  Bolley,  99  ;  Dubief, 

149;  Effront,  153;  Fritsch,  174; 

Horsin-Deon,  219;  Kramm,  250; 

Rehwald,  347  ;  Saave,  364  ;  Salomon, 

366  ;  Skoblikof,  386  ;  Wagner,  427. 
Stereochemistry. 

I.  Eiloart,  4. 

III.    Bezredka,  24. 

V.   Bischoff,  93  ;  Eiloart,  154  ;  Hantzsch, 

202;      Hoff,     214;    Leffmann,     264; 
Monod,  301  ;  Zelinsky,  445. 

Stoichiometry. 

II.  Schron,  19  ;  Schwann,  20. 

V.    Biechele,  92  ;   Bocke,  97  ;   Buchner, 

112  ;    Frickinger,    174 ;    Gielen,    183 ; 

Helm,  207  ;  Landerer,  258  ;  Lindauer, 

271  ;  Lindman,  272  ;  Pasternak,  326  ; 

Retzius,    351  ;    Taylor,    405  ;    Wood- 
ward, 441. 

Sugar-Beet.     (Si-e  Beet-Sugar.) 
Sugar  of  Lead.     {See  Lead  Acetate.) 
Sugars. 

III.  Duncan,  28  ;  Horsin-Deon,  31  ; 

Katzenstein,  32  ;  Larousse,  33  ;  Lipp- 

mann,  34  ;  Reed,  38  ;  Tolpygin,  42. 

V.  Aulard,  73  ;  Barlh,  78  ;  Benjamin, 

85;  Bertrand,  90;  Bolley,  99;  Can- 

noneri,  117  ;  Champion,  122  ;  Charpen- 

tier,  123  ;  Dupont,  151  ;  Evangelista, 

159;  Fruhling,  175;  Garros,  179; 

Gunning,  196 ;  Kjeldahl,  241 ;  La- 

barre, 255  ;  Lippmann,  272  ;  Lotman, 
276  ;  McCuUoh,  280  ;  Maraini,  284  ; 

Merkel,  294  ;  Mittelstaedt,  298  ;  Moor- 
sei,  302  ;  Myrick,  306  ;  Nesterof,  310  ; 

Neumann,  310  ;  Paasche,  320  ;  Pallas, 

321  ;  Pellet,  329  ;  Picard,  334  ;  Porter, 

339  ;  Possanner,  339  ;  Rathke,  345  ; 

Ronnberg,  358  ;  Rost,  360  ;  Sakharo- 
metria,  364  ;  Schwob,  384  ;  Scoffern, 

378  ;  Sebor,  379  ;  Sidersky,  384  ;  Sie- 
mens, 384 ;  Stammer,  393  ;  Steydn, 

397  ;    Stohmann,    398  ;     Tikhomirof, 
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Sugars.     [Cont'd.] 
411  ;  Tucker,  417  ;  Wackenroder,  426  ; 

Watts,  430;  Wein,  431  ;  Windisch, 

436  ;    Witt,   438  ;    Wray,    441  ,    Zirn, 

445. 
VII,    Archief,  450  ;  Berichte,  451  ;  Cen- 

tral-Anzeiger,  454  ;  Centralblatt,  454  ; 

Comptes-rendus,     455  ;     Jahr,     458  ; 

Prager,  465  ;  Sugar,  468  ;  Zeitschrift, 

470. 
Sulfur. 

V.    Bidou,  91  ;  Winer,  436. 
Sulfuric  Acid. 

V.    Anelli,  68  ;  Jurisch,  233  ;  Lock,  274  ; 

Lunge,  278  ;  Thomsen,  408  ;  Vender, 

420. 

Tables  for  Chemical  CalculatiOxNS. 

II.  Alkoholometrische,  12  ;  Bottger,  13  ; 

Buchka,  13  ;  Burton,  13  ;  Ebeling, 

14  ;  Heilbronner,  17  ;  Johnson,  17  ; 

Landolt,  17  ;  Lupton,  18  ;  PoUak,  18  ; 

Reichardt,  18;  Santos,  19;  Schron, 

19  ;  Tommasi,  21. 
V.    Adriance,  62. 

Tannin. 

V,    Bauer,     79  ;    Cech,   122  ;    Manceau, 

283  ;  Trimble,  415. 
Tanning. 

V.    Bogh,  97;  Bolley,   100;  Buse,   114; 

Gintl,   184  ;  Knapp,    243  ;    Limousin, 

271. 
Tartaric  Acid. 

V.    Stiefel,  397. 
Tea. 

V,    Bietrix,  92  ;  Brunotte,  iii. 
Technical  Chemistry. 

III.  Lunge,  34  ;  Scherzer,  40. 

V.  Almstrom,  66  ;  Antos,  69  ;  Brugge, 

109  ;  Bunge,  113  ;  Chaptal,  123  ;  Dam- 
mer,  138 ;  Depierre,  144  ;  Feitler, 

162;  Georgievics,  181;  Harpf,  203; 

ICharichkof,  239 ;  Khodnef,  239 ; 

Kleyer,  242;  Kramar,  249;  Lassen, 

261  ;  Nikolajsen,  312  ;  Ost,  317  ;  Par- 

nell,  325  ;  Reinbot,  348  ;  Sadller,  365  ; 

Seleznef,  380  ;  Wagner,  427  ;  Wenck, 

432  ;  Witt,  438. 

VII.  Addressbuch,  448  ;  Anzeiger,  450  ; 

Berichte,  451  ;  Chemisch-technisches, 

455  ;  Comptes-rendus,  455. 

Technology. 

I.  Bibliotheca,  2  ;  Broyde,  3  ;  Bunge, 

3  ;   Repertorium,  9, 

IL  Tamotchkin,  20;  Villon,  21;  Wen- 

zell,  21. 

III.    Bucher,  25  ;  Buchner,  25. 

V.  Balda,  75  ;  Groves,  192  ;  Held,  206  ; 

Hermbstadt,  209  ;  KoUer,  246  ;  Ko- 

novalof,  247  ;  Leshaft,  267  ;  Liedbeck, 

271  ;  Mendeleeff,  292  ;  Nastavnik, 

307  ;  Parnicke,  325  ;  Possanner,  339  ; 

Technische,  405  ;  Witt,  438. 

VII.  Central- Anzeiger,  453  ;  Jahres- 
Rundschau,  459. 

Textile  Fabrics. 
I.    Garcon,  5. 

V.    Bolley,   100  ;    Lidof ,  270 ;    Schlesin- 

ger,  372. 
Theoretical  Chemistry. 

I.    Hinrichs,  6. 
III.    Meyer,  36. 

V.  Baehr,  74  ;  Bancroft,  76  ;  Berthollet, 

89  ;  Boyle  (1661),  105  ;  Briihl,  109  ; 

Buff,  112  ;  Butlerof,  T15  ;  Cannizzaro, 

117  ;  Carbonelli,  118  ;  Carnegie,  118  ; 

Chroustchoff,  127  ;  Cohen,  130  ;  Co- 
lin, 13c  ;  Cornish,  133  ;  Corea,  133  ; 

Crookes,  136  ;  Delaite,  142  ;  Des- 

mond, 144  ;  Dobereiner,  147  ;  Etard, 

158  ;  Fourcroy,  170  ;  Gastell,  180  ; 

Geubel,  182;  Gliicksmann,  185; 

Henry,  208  ;  Herzt,  210  ;  Jarkovsky, 

228  ;  Keller,  238  ;  Knoevenagel,  243  ; 

Macan,  279  ;  Majlert,  281  ;  Marqfoy, 

286 ;  Martin,  287  ;  Meredith,  293  ; 

Meyer,  294  ;  Modderman,  299  ;  Mol- 
terni,  300  ;  Mouret,  303  ;  Mouren, 

303  ;  Moyes,  303  ;  Nernst,  309  ;  Nor- 
berts,  313  ;  Ostwald,  318  ;  Ostwald, 

Editor,  318  ;  Remsen,  350  ;  Reychler, 

351  ;  Reynaud,  351  ;  Rheinsch,  351  ; 

Robin,  356  ;  Roget,  357  ;  Seelig,  3S0  ; 

Simoes,  385  ;  Souza,  390  ;  Stankevich, 

393  ;  Strindberg,  400  ;  Studler,  400  ; 

Tilden,  411  ;  Wedell,  430  ;  Wiech- 
mann,  434;  Wislicenus,  437. 
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Thermochemistry. 

V.  Beketof,  83  ;  Berthelot,  89  ;  Lan- 

dero,  258  ;  Naumann,  308  ;  Pizzarello, 

337  ;  Planck,  337  ;  Rivals,  355  ;  Thom- 

sen,  409  ;  Viegas,  421  ;  Walter,  428  ; 
Zenrer,  445. 

Thermodynamics. 

I.    Tuckerman,  10. 

V.    Berzieri,    90;    Bucherer,    iii  ;    Cat- 

taneo,  121  ;  Duhem,  150  ;  Laar,  255  ; 

Lippmann,   272  ;    Pauli,  327  ;    Pellet, 

329  ;  Weinberg,  431  ;  Zenner,  445. 
Thermometry. 

V,    Fahrenheit,  160. 
Tin. 

V.    Bayen,  So. 
Titanium. 

V.    Kirilof,  240. 
Tobacco. 

V.    Larbaletrier,  260. 
Toxicology. 

III.    Plugge,  37  ;  Wijsman,  43. 

V.  Anglada,  68  ;  Autenrieth,  74  ;  Baril- 
lot,  77  ;  Bellini,  84  ;  Bennett,  85  ; 

Blyth,  96  ;  Boeri,  98  ;  Brestowski,  107  ; 

Bunge,  113  ;  Bunsen,  113  ;  Chapius, 

123  ;  Charrin,  124  ;  Coster,  134  ;  Cos- 

til,  134  ;  Cracau,  135  ;  Fabbri,  159  ; 

Ferrer,  163  ;  Gartner,  177  ;  Guerin, 

193  ;  Guerin  de  Mamers,  193  ;  Hamel 

Rocs,  199  ;  Hasselt,  204  ;  Hendess, 

207  ;  Hildebrandt,  211  ;  Jaksch,  227  ; 

Jammes,  227  ;  Kippenberger,  240  ; 

Kobert,  243 ;  Kurzes,  254 ;  Lewin, 

269  ;  Loew,  274  ;  LufT,  278  ;  Malosse, 

282  ;  Mata,  288  ;  Muccioli,  304  ;  Miil- 

ler,  304  ;  Murrell,  306  ;  Neuberg,  310  ; 

Neumann,  310;  Otto,  320;  Pelikan, 

329  ;  Plugge,  338  ;  Ramsay,  345  ; 

Reese,  346  ;  Rochbrune,  356  ;  Ron- 

aldini,  358  ;  Sage,  365  ;  Sauvan,  369  ; 

Schaer,  370  ;  Schunemann,  376  ;  Spica, 

391  ;  Spratt,  391  ;  Stowe,  399  ;  Supino, 

401  ;  Tanner,  403  ;  Tardieu,  403  ; 

Vaughan,  420 ;  Vaulhier,  420 ;  Ven- 
ables,  420  ;  Vitali,  423  ;  Werbex,  432  ; 

Wyss,  442  ;  Zakboekje,  444. 

VII,    Nederlandsch,  462. 

TURACIN. 

V.    Church,  127. 

Turpentine. 

V.    Boleg,     99 ;     Sosfenof,    289 ;     Tish- 
chenko,  412  ;  Tokarsky,  412. 

U. 

Ultramarine. 
V.    Arkhipof,  70. 

Urine  and  Urinalysis. 

V.  Allen,  64  ;  Almin,  65  ;  Beale,  81  ; 

Bird,  93  ;  Canfield,  117  ;  Casadevante, 

119;  Casselmann,  120;  Castellani^ 
120  ;  Daconto,  137  ;  Daiber,  137  ; 

Deems,  141  ;  Dellefosse,  142  ;  Eber, 

152  ;  Fedeli,  161  ;  Gailois,  177  ;  Gau- 

tier,  181  ;  Gautrelet,  181  ;  Guernsey, 

193  ;  Guiard,  194  ;  Heller,  206  ;  Hol- 
land, 216 ;  Jones,  232  ;  Koshlakof» 

248  ;  Krarup,  250 ;  Laache,  255  ; 

Landi,  258  ;  Lassar-Cohn,  261  ;  Legg, 

264  ;  Leonard!,  266  ;  Liotard,  272  ; 

Long,  275  ;  Mehu,  290  ;  Memminger, 

291  ;  Moller,  299  ;  Monselise,  301  ; 

Nobel,  312  ;  Reale,  346  ;  Rees,  346  ; 

Rudakow,  362  ;  Shears,  383  ;  Smithy 

387  ;  Spaeth,  390  ;  Strahl,  399 ;  Ultz- 
mann,  418  ;  Van  Nuys,  419  ;  Whip- 

ple, 433  ;  Wolff,  440  ;  Woody,  441. 

Vanadium. 

V.    Klecki,  241  ;  Peterson,  331. 

Varnishes. 

V.  Andes,  67  ;  Gorini,  187  ;  Halphen, 

199  ;  Lavache,  262  ;  Lemoine,  266  ; 

Livache,  273  ;  Maudin,  289  ;  Naudin, 
30S  ;  Pereira,  329  ;  Remain,  357  ; 

Standage,  393  ;  Winkler,  437. 
Vinegar. 

V.    Bersch,    88  ;    Blucher,    96  ;    Bolley, 

99  ;    Claudon,    128  ;    Dussance,    151  ; 

Ferreira,  162  ;  Fontenelle,  169  ;  Hol- 

lunder,    216  ;    Julia-Fontenelle,    234  ; 

Konig,  245  ;    Labarre,  255  ;    Martin- 
son, 287  ;  Wetherill,  433. 

VII.    Deutsche,    456 ;     Essig-Industrie, 

456. 

Volapuk,  Chemical  Terms  in. 

II.    Siboni,  20. 
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Volumetric  Analysis. 

V.  Bersch,  88  ;  Branchi,  105  ;  Fleischer, 

167  ;  Geissler,  iii  ;  Jatzukovich,  228  ; 

Kux,  254  ;  Mohr,  300  ;  Prollius,  342  ; 

Schimpf,  371  ;  Spraul,  391  ;  Sundvik, 

401  ;  Sutton,  402  ;  Vogtherr,  424  ; 

Wills,  436  ;  Winkler,  437. 

W. 

Water.   {See  also  Mineral  Waters.) 

I.    Warrington,  10. 

V.  Atkins,  73  ;  Barry,  77  ;  Bayen(i757), 

80 ;  Benedict,  84 ;  Boudin,  103  ; 

Boutron-Charlard,  104  ;  Breyer,  107  ; 

Bunge,  113  ;  Burkhardt,  114  ;  Buroni, 

ii4;Casali,  119  ;  Collet,  130;  Collin, 

131  ;  Coreil,  132  ;  Corfield,  133  ;  Cossa, 

133  ;  Dalton,  137  ;  Daubree,  139  ;  Del- 

hotel,  142  ;  Despeignes,  144  ;  D'Huart, 
145  ;  Dias,  146  ;  Estudios,  158  ;  Fabbri, 

159  ;  Faure,  161  ;  Ferraris  (1558),  162  ; 

Ferreira,  162  ;  Fischer,  165  ;  Fleury, 

167  ;  Folkhard,  168  ;  Fontana,  168  ; 

Fornara,  169  ;  Gartner,  177  ;  Garban, 

178;  Gili,  183  ;  Griffiths,  190  ;  Guare- 

schi,  192  ;  Guinochet,  195  ;  Hanaman, 

201  ;  Hasshagen,  204  ;  Heider,  205  ; 

Hemilian,  207  ;  Jeannel,  229  ;  Jolles, 

232  ;  Kalnin,  235  ;  Kuntze,  253  ;  Kyle, 

254  ;  Leffmann,  264  ;  Liebenburg, 

270  ;  Loffler,  274  ;  Malpert,  282  ; 

Mason,  288  ;  Merino,  294  ;  Miquel, 

298  ;  Morgan,  302  ;  Morren,  303  ; 

Ogier,  315  ;  Ohlmliller,  315  ;  Parmen- 
tier,  323  ;  Pavesi,  327  ;  Perinet,  330  ; 

Pinzger,  336 ;  Poggiale,  338  ;  Pokrov- 

skaya,  338  ;  Possanner,  339  ;  Rafter, 

344  ;  Reichardt,  347  ;  Rideal,  354  ; 

Riemsdijk,  354  ;  Roux,  362  ;  Sancas- 
zani,  367  ;  Schleh,  372  ;  Sendtner, 

381  ;  Smith,  387  ;  Stevenson,  396  ; 

Stout,  399  ;  Thresh,  410  ;  Tiemann, 

411  ;  Voglino,  424  ;  Wanklyn,  429  ; 

Weyl,  433  ;  Zune,  446. 
Water-Glass. 

V.    Bernhardt,  87  ;  Feuchtwanger,  163  ; 

Kurrer,  253  ;  M.,  279  ;  Marquart,  286. 
Wine  Analysis. 

V.  Abela,  61  ;  Alessandri,  63  ;  Barth, 

78  ;    Bliicher,    96  ;    Borgmann,    102  ; 

Brun,  no;  Heitzmann,  206;  Masure, 

288  ;  Miiller,  304  ;  Paul,  327  ;  Pos- 

setto,  339  ;  Rebello,  346  ;  Ruiz,  363  ; 

Seiler,  380  ;  Stern,  396  ;  Tyson,  4x8. 
Wines  and  Wine-Making. 

I.    Tairof,  10. 

V.  Aguiar,  62  ;  Andrieu,  68  ;  Afiibarro, 

68  ;  Ballas,  75  ;  Balsamo,  75  ;  Batalha, 

79  ;  Beck,  81  ;  Bersch,  88  ;  Blauberg, 

95  ;  Bottner,  98  ;  Booth,  loi  ;  Borrel, 
102  ;  Brewer,  107  ;  Briosi,  108  ; 

Brunet,  no;  Bunge,  113;  Cambon, 

116  ;  Cettolini,  122  ;  Chaptal,  123  ; 

Coelho,  130  ;  Coste-Floret,  134  ; 

Coutinho,  134  ;  Dochnahl,  147  ;  Dobe- 

reiner,  147  ;  Eckenroth,  152  ;  Ferreira, 

163  ;  Gallard,  177  ;  Grlinhut,  192  ; 

Guery,  194  ;  Huber,  220  ;  Jacquemin, 

225  ;  Keppel,  238  ;  Kolges,  244  ; 

Krechel,  250  ;  Labarre,  255  ;  Lap- 

parent,  260  ;  Le  Sourd,  267  ;  Mac- 

quier,  280  ;  Maier,  281  ;  Mangubi, 

283  ;  Martinaud,  287  ;  Muller-Thur- 

gau,  304  ;  Nadal,  306  ;  Nessler,  310  ; 
Perez,  330  ;  Piaz,  334  ;  Robinet,  356  ; 

Roth,  361  ;  Rotondi,  361  ;  Roy, 

362  ;  Sadovsky,  365  ;  Salleron,  366  ; 

Sammlung,  366  ;  Sbornik,  369  ; 

Schmitt,  373  ;  Schulze,  377  ;  Sebas- 

tien,  379  ;  Springmiihl,  391  ;  Thudi- 
chum,  410  ;  Timofeef,  411  ;  Vermorel, 

421  ;  Vizetelly,  423  ;  Windisch,  436  ; 

Wine,  436  ;  Wohl,  439  ;  Wortman,  441. 

VII.  Agenda,  448  ;  Annalen,  449  ;  Oeno- 

logischer,  463  ;  Revue,  467. 

Wood,  Chemical  Uses  of. 

V.    Bersch,  88  ;  Otcherk,  320. 

Wood,  Distillation  of. 

V.    Barillot,  77  ;  Thenius,  406. 

Wood,  Preservation  of. 

V.    Andes,  67  ;    Chandler,   123  ;    Heinzer- 
ling,  206  ;  Paulet,  327. 

Y. 

Yeast. 

V.    Ginzburg,  184  ;  Jlirgensen,  234. 
Z. 

Zink. 

V.    Fromberg,  175. 

VII.    Bulletin,  No.  48,  453. 
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